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1. The point P(6, —4) lies on the curve with equation y = f(x), x € R

Find the point to which P is mapped when the curve with equation y = f(x) is
transformed to the curve with equation

(a) y=1flx+2)

(e))
(b) y=1"(x)
1
© v=2]f0] -3
(2)
@ P Q(4,-4)
b P & (—LI/ 6)
) P— @(6,9)
2 AU 00 0
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Question 1 continued

(Total for Question 1 is 4 marks)
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2. The circle C has equation
(x+3)+(y-4) =24

(a) (1) State the coordinates of the centre of C.

(i1) Find the radius of C writing your answer as a fully simplified surd.

3

(b) Determine, giving a reason, whether or not the origin lies inside the circle C.

(2)

(@) () Cenke: C(-3,4)
QI) Rqo!i.uS: R,:.m :2{?
(b) Ler O(9,6) _, origin

0C =\( 3)" 4>

= m :\/ZS_':S
R/:ZV—‘:J.]-.C‘

OCS> R _ The origin O lies ourside

the circle
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Question 2 continued

(Total for Question 2 is 5 marks)
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. The first three terms of an arithmetic sequence are
6k, 10 and 2k

where k is a constant.

(a) Find the value of .
(2)

(b) Hence find the value of the sum of the first 50 terms of this sequence.
3)
(@) Value of &
Common di(ﬁe.rence = 10_6k = 2R _10

gk = 20
fo 20 _ S

8 2

Lb) Sum (g Ehe SO terms

Sn = _;_.T! [Za. + (Tl—\)d.]

QA — S

_6;(_{ =15
d=10_1S5=_-8

Sn = _‘2_:(50[30 + 49 (-5)]

- 9335
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Question 3 continued

(Total for Question 3 is 5 marks)
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4. Given that
o fx)=2x+3x"—16x+ 16
. f(-4)=0

(a) write f(x) in the form

(x+a) O(x)

where a is a constant and Q(x) is a quadratic expression.

3

(b) Hence prove that —4 is the only real root of the equation
f(x)=0

(Solutions relying on calculator technology are not acceptable.)

@) f(-u)=0

X(oc) = (Z+4) (x4 bx+C)
= 2x%  3x% _lox 4 16

ax?® =73

(ho 4 b)x® =3x?
£ib=3 5b=-S
LC =16 - C=4

(Check: 4byC = 16

—20+4 = -lb ok).

() = (x +1)(2x* - Sx 1)

2
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Question 4 continued

f(x) =(c+u) Q)
Q) = 2x%_ Sx 4y

(b) Ler's check i§ @(29 has real rooks
Q(SC)::O 5 2x?_Sx 44 =0

Discuminank: A= Q—S)z_ (L\ XZX’*)
= 2SS _32
s

NLO Q(x) =0 has vo roots

g(pc) =0 \nas the valﬂ rook Dc=-14

(Total for Question 4 is S marks)
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2.89

5. (a) Express Jlxiino Z %5}6 as an integral.
x=1.44 (1)
(b) Hence show that
2.89

lim Z—&xz k

5x—0 \/;

x=1.44
where £ is an integer to be found.

(Solutions relying on calculator technology are not acceptable.)

(2)
2.89 9
(O.) lim Z. . Sx —
§x 0 2w=lyy VX
. &9
J 2 Z dx
Luu Yo
2.89
\lm Z_ _2'_ 8 X =
(b) Sxao ax=tuu
.89
5 2 Z dx —
Luu Yo
2.89 _1
2 a2 2 d.'JZ =
LYy
. AR R N 0RO
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Question 5 continued

e

9 E_I- :]‘283
4 [ Y288 i =
(L% _1.2) =

L X 0.5 = 2

(Total for Question 5 is 3 marks)
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6. A scientist is monitoring the flight of sea birds after they leave their nests on a cliff.

The height above the sea, & metres, of one of the birds is modelled by the equation
h=A-B1t" h>0 0<t<T

where ¢ seconds is the time after the bird leaves its nest and 4, B and T are
positive constants.

Given that
» the bird was 17.6m above the sea exactly 4 seconds after leaving its nest
» the bird was 11.9m above the sea exactly 9 seconds after leaving its nest

(a) find a complete equation for the model.

“4)
Find, according to the model,
(b) the height of the bird’s nest above the sea,

(1)
(c) the limitation on the value of 7.

(2)

LQ) h = F\_Bt'l.s h;O 0LELT

7.6 = A_B (L‘"S) )
1.9 = A—B(9"°) (2

(l) -~ A_&EB =136 (3)
(s A-23B=11.9 (4)

(3)_(1.4)_:, 2B _ 8B = |F.6 1.9
1986 = 5.7
5::0.3

P 7 3 9 5 1 A 0 1 2 4 8
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Question 6 continued

@)—a A= gB-\-—l:{uG
=(8x0.3) 4 13.6

A =20

Complee equarion for the model

.S
h=20 _0.3t hso oge<T

QD) Heis'hb od the biads nest above the Sea
this is the \r\e.\sh’c h, = h(&:—.:o)

ho =20m
CC.) Lim"fa,\:iOn On the Value Od T
.S
}‘L;,O > 20 _ 0.3{:( >0

0.3 b s_é 20

l_—_l.S' z 20

0.3

o NN ORR 0 0 R T
P 7 3 9 5 1 A 06 1 3 4 8

13

Turn over



~ boworwm

CRIELEK

RIS
ITE IN-THI!

%6%626%"

\\.;”

X,

NTHIS AREA

5555

Question 6 continued

\.S

L]

1 4 4 8

0

A

1

3 9 5

P 7




S
&
o%
o
294

o
X
25

2555
L

0::’:‘:
ZRRLRLRLK

%5

o
&

09583
25

%
XX

KRR
C

~

S
(figo
%

A
XK

o%
XX
s
o=
BB
bossl 14 [o2ed
X4

O™ %%
ee%e %%
RERRKS

000000
'NOT
KKK
LK

o
o%
&2

OO
SRR

7

Question 6 continued

(Total for Question 6 is 7 marks)
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Figure 1

Figure 1 shows a sketch of a curve C with equation y = f(x), where f(x) is a quartic
expression in x.

The curve

* has maximum turning points at (-1, 0) and (5, 0)
» crosses the y-axis at (0, —75)

* has a minimum turning point at x = 2

(a) Find the set of values of x for which

f'(x) >0
writing your answer in set notation.
(2)
(b) Find the equation of C. You may leave your answer in factorised form.
3)
The curve C| has equation y = f(x) + k, where £ is a constant.
Given that the graph of C,| intersects the x-axis at exactly four places,
(c¢) find the range of possible values for «.
(2)

CQ) Sef ad’ Values oJ:c (Oﬂ. which f’(x) >0
According bo the graph of £(>) in Figure 1 :

P 7 3 9 5 1 A 06 1 6 4 8
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Question 7 continued
Jx)z0 for 24 _| OF 24x<S
In Ser notahon:
{/(®) >0 fom x € gx: xER, ¢ <1 $ U
§x:x€elR, 24245 ¢

(b) Equakion of C.
J’(x) =0 has only two roofs: oc=_1 a.nd.
< = 9. fAs these are also the - coordinales
OJ Ewo Sra.h'ovnars Points, g / (:I) 1S alSo
Zero af X =_land x=S.
Them(fom:
f0=a (ac+|)2(oc_s)z

Eiven thal f(0) =-3S

Axr2S =_14S 5, a =_3S3

> f9= -3 (x4) (x-5)

(C) Rau\ae d’ ]ooss'i]:\e Values od’ &
CI . 3 = J (x) + ﬁo
T



Question 7 continued

Y= ﬁ- -3 (Dc+l)2(x_s)2
tj:O — R = 3(.'2.1-02(_1_ S)z
(x4) (2-9"= &

For the exisfence of L rools — g o
( R=0 woud give only 2 Tooly).

cs)(x-5)= 2f&
2t_4x_S=(E @) or
x*_jx-S=_|& (¥
Q).,:Jc?—_qx_(&r@) =0 (@)
(2)- xz-ax+(y“§_'_s)=o )

For 4 rooks to exisk; (3) and [4) must have
2 Yoots each.

NN ORR 0 00 RO o
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Question 7 continued

(3) has 2roors i

A= |6+ QCS +{_§.') >0 (S‘ah'.(cr,-el (for

(4) has 2 roors if

A= 16_4(\115.' ~5) »0
lb‘>.L;<:V1§_..€)

(& _s <y

{-%7<9 L &<l

k< 243

There JDI’E:

e

0< k<243

Rso)-

(Total for Question 7 is 7 marks)
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8. A student was asked to prove that the square of any number can be expressed in the
form 5n or 5n+ 1 where n € N

The start of the student’s proof is shown in the box below.

Let m = 5k
Consider m” = (5k)* =25k =5 x 5k’ = 5n where n =5k v
Let m=5k+1
Consider m” = (5k + 1)’
=25k + 10k+1=505k"+2k)+1=5n+1 wheren=>5k"+2k v
Let m=5k+2
Consider m” = (5k + 2)’
=25k + 10k+4=55k+2k+1)—1=5n—1 wheren=5k"+2k+1v

o—
-

(a) Identify and correct an algebraic error in the box above.

0y

(b) Show the calculations and statements that are required to complete the proof.
“4)

@) Let m=Skie

Consider M2 = (sk2)
= 2s8%, 20k + 4
= 5(S&1+L&E+l)—' =5Sn_-|
Where n=St*, yk4l »

(b) Let m=SE,;3
ms = (S&.l—g)z
= (’ZS'QL-(- 30R + 9)

NN ORR 0 00 RO o
P 7 3 9 5 1 A 0 2 0 4 8
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Question 8 continued
= (2 Sf% . 30k + IO) ~ |
= s(s{%’-.l.eﬁ +2) -1 =5n_|
Where n = ‘55.7'4. 62 »

let m= SE 4
m* = (Sk_,_q)z
= (zsﬁ’q. Lpolh.lb)
= (25 R* 4+ 40R 4 15) 41
= S(Sﬁz_l. 8ﬁ+3) + | =5Sn4]
Wheve n= Sﬁz+8ﬁ.\_3 y

(Total for Question 8 is S marks)
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Figure 2

A racing car is driven along a straight road.
Figure 2 shows a graph of the speed of the car as it travels along the road.
The car starts from rest and is driven for 7 seconds before stopping.

The speed of the car is modelled by the equation
v=15t—te"* 0<t<T

where ¢ seconds is the time after the car starts to move.
According to the model,

(a) find the value of 7, giving your answer to one decimal place,

(b) show that the maximum speed of the car occurs when

t=51n( 5 j
t+5

Using the iteration formula

75
t ., =5 with 7 =8
! t,+5

(c) (1) find the value of 7, to 3 decimal places,

(i1) find, by repeated iteration, the time taken for the car to reach maximum speed.

(o) Value ooa T

P 7 3 9 5 1 A 0 2 2 4 8
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Question 9 continued

V=IST

2T
_Te02 =0 T>O

T(s-e™ ) oo

0.2°T
IS_e

e
0.2T

0.2T

=0

=13
=|ﬂ ]5 — : .'_. BSS
0.2

(b) ProoJ bhat the masximum Speed Qj’ the Can
oclcurs \Uhcn

E:‘S'ﬂ(-zi%
+.

0.2t

V(t)=ISt _te

VIt) = IS _ e®*" _o.zte
V’(E') =0 _ |5 _ eD.Zt(‘-}-O.Z&):

e

In (

oZk

(L|.0 ’Zl:)

o. X

) 4 In(lyo.2€) = In IS

P 7 3 9 5 1 A 0 2 3 4 8
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Question 9 continued

0.2t + In(‘+0. ‘Z,l:) -~ ‘YI‘S

0.9t = |n _1°
l_l_O.Zb

14+0.2E

£=5 ]n(f/o; ) =5 (:fs)

0.2

©) (i) Value of t3 to 3 decimal places

tnq.] = 5 'ﬂ( S

En+5S
ti=§
- 5| 1S = 8.F624%
Ez n(l?’) 8.F

t3 =5|ﬂ(:}s ):.ZLFI‘X
13.7623

(C) ( Il) Time tafen by the Can o reach maximum
Speecl

NN ORR 0 000 IO o
P 7 3 9 5 1 A 0 2 4 4 8
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Question 9 continued

H}"Sln(

ES:S]n

te= Sn

l:?: Sln

E8= S

— 8.982

13.438

= 8.94
) = &

45 ):8.558
3. Suy

D) ) — 8.552
13.§58

—g.SSS

13.55¢2 )

t~ 8.55¢s

e

(Total for Question 9 is 9 marks)
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10. Given that
ﬁ
e PO=2i+8j-2k
ﬁ
* QOR=6i+06k

(a) find PR.
(2)

(b) Hence show that triangle POR is both right-angled and isosceles.
“4)

=81 84,4k

(b) Frogf that Riangle PQR is both
Yight_angld and jsosceles

@:qu 464 + 4 =4’-+2

P—é ] Q-_éa O.fld.
(PR) = (Pa) + (@R

P 7 3 9 5 1 A 0 2 6 4 8
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Question 10 continued

Tlr\ereo"om, Riangle PQR is both right_angled
and iSoSceles.

(Total for Question 10 is 6 marks)
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11.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
The value of a car, £V, is modelled by the equation
V=1500+Ae™

where A4 and k are positive constants and ¢ is the age of the car in years.

Given that

 the initial value of the car was £20000

» the value of the car was £12000 when it was 2.5 years old

(a) find a complete equation for the model, giving the exact value of 4 and the value

of k to 3 significant figures.

(b) Show that the rate of change in the value of the car can be expressed in the form

—k(V — 1500)

(c) State a limitation of this model.

(a) Complele equakon 5or the mode|
_kt
V= 1500 4 RAC
At b=o, V=&20000
l:: 2.5 , \/ = ilZooo

20000 = 1S004+A _, A = 185
12000 = [S00 4 {8s00€" zs

e_z.s& 10500 los _ 2|

— —

SO0
k

— 18500 18S — 3%

P 7 3 9 5 1 A 0 2 8 4 8
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Question 11 continued

3%

R —0.227

_0.2%*E
V = 1500 185008

Lb) Pfoocf thaY the ftale Od Chamae in the
Va.\u.e. % the Con has H-.e e,(_P'(ZS'S'\'On'.

— k (V -1500)
~RE
\V = 1500 + ARG
v _ _ﬁﬁe”ﬁt - _B (V_ISOO)
dt

€) Limitakon of the model

%ltf_ £0 5 N_1500320
V> 1500

The Value %g the car Connok be less than
7 1500.

29
I
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Question 11 continued
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12.

=<V

—

0

Figure 3

Figure 3 shows a sketch of the curve C with equation

- 15x
C 2x+3)(x-3)

3
xX#-—— x#3
y >

and the straight line / with equation

y=2x-10
(a) Verify that C and / intersect where x = 6
(2)
The curve and line also intersect at the point QO shown in Figure 3.
(b) Show that the x coordinate of Q is a solution of
4x° = 26x° = 3x+90=0
2
(c) Using algebra and showing all stages of working, find the exact x coordinate of Q.
4

C: y= 15=6 = 2 C and L
ISx3 —» nYerseckl

arosc =6
L: 3: be_\O h— 2
AR N O O A0 m=
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Question 12 continued

(b) Expression %S the o¢ - Coordinate Od Q

y= IS¢ = 2x-10
(22 4+3)(x-3)

— (2z2-10)(2x43)(x-3) —1Sx =0

(2x-10) (zx*_3x _9) _1§x =0
B3 _26x% L 12 4 90 _1Sx =0
nx3_26x*_3x 4. 90=0

(C) Exacr X _cotrdinate ocg Q) (:’CQ)
J(6) = Lx2lb _ Z6x3b 18 +90

= O
pxd_262c* 3¢ 0| x_6
pac _2ux* ' l Lx* _2x _ IS

y Y

- 2% 412X |

\/

~1Soc 4 go
- 1S2x 4 20
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o NN ORR 0 00 0 T
P 7 3 9 5 1 A 0 3 3 4 8 Turn over




Question 12 continued

hx2_26x*_3x %0 —
(x-6)(42x*_2%x - IS)

Lx*_2x_15 =0
2
D=y + (bxkxIS) =24y = (2V61)
e = 2E2/61 _ 1xyer
8 b

The roofs ave

| —\61 |+ YEi &
/T

The Onlnd neaa.\r'a\/e Yoot 1S

Ao = |- Y6
It

\—Yér
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13. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Show that

2
X 2
dx = —
_[ o 2x +1)3 25
)

ler W = 2x 4| axC =
du:de dx

Nhen =0 -=7u=|
DC-_-.Z —_) U-:S
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DO NOTWRITE IN-THIS AREA DO NOT WRITE IN-THIS AREA

DO NOT WRITE IN THIS AREA

Question 13 continued

e

(Total for Question 13 is S marks)
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14. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

(a) Show that

sin(x + 30°) + NG cos(x +30°)=2cosx

3)
(b) Hence solve, for 0 < 6 < 180°
sin(@ + 30°) + /3 cos(6 + 30°) = 3sin 26
giving your answers to one decimal place, where appropriate.
“4)

(@) Proof thak
Sin (¢ 4+ 38) 4 Y3 Cos (¢ +30) = 2 oS x

sSin (DC + 36)+\/-?;_COS(9C+ 56) =

Sindc C.0333 4+ (0S¢ Sin 38 +
ﬁ (CoS::c ©0S30 _ Sinx SRnS%)-_-_
3 Si L cos
EL;; SinX 4 2 oSX
3(3 s _ L Sinx) =
(2 2

Y3 nx + = CoSaC.+3CoS>c. E

—_ 2 Cosx

38
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Question 14 continued

(b) Sin (B4 30) 4 Y3 Cos(®+30) = 35in28
o< & £ \8

- 2 Cos9 e ?)S{ﬂ 29

(using @), the left side is equal to
2 (0S0).

2 (0S® = 6 Smd Cos®

2 Sin® (0P _ s9 =0
Cos® CBS?V\S_\) -0

Cos® =0 - 9= 98
35&\9-—] =0 = Sind = .;_
P=19.5°, ®=160.§"

Vo.lueabcggo.re-. \Q.S‘: 96, 160.S°
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Question 14 continued
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15.

Figure 4

Figure 4 shows the plan view for the design of a stage.

The shape of this design consists of a sector of a circle AOB joined to a
rectangle OBCD.

Given that

 the radius of the sector is  metres and angle AOB is 6 radians
1 .
» the length and width of the rectangle are » metres and 0 r metres respectively

« the total area of the stage is 240 m”

(a) show that the perimeter of the stage, P metres, is given by

480
P=2r+ —
r

You must make your method clear.

“4)
Using algebraic differentiation,

(b) find the value of r for which P has a stationary value.
3)

(c) Prove, by further differentiation, that this value of » gives the minimum perimeter of
the stage.

@
@.) Proocf that P= 2r 4 ﬂ-é(_)-
AR R R R R0

L]

YIHV SIHLNIZLIHM LON Od V34Y SIHLNIILIHM 1ON Od

Y3dy SIHLNEILIIM LON Od



Question 15 continued

P= |en3t-h od" arc AB +
oA 4+ DC 4+ OD 4 BC

]ensl:hc%farc AB—= 1.9

OA = DC =r
oOD=8c = 1
10

)

P=h9+2r+%

et A — area %5’ the Shz.gz

A= (o.rea & Seclor A0B) 4
(QNO. %j"recka.nale OBC’D)

= <% ><'|TY‘2) .|_<rx..l%.)

= 9 r*, 1lr?
2 +lo

2
(2+75) "

— ) —ﬁz
7( + )7
43
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Question 15 continued

A= 240 m?* _2'_(8.‘__%_)r2=240
(64.!?)&. ufo (2)
D P=(B+ D)7 427
uSina CZ):
P = Ll.gO + 27

(b) Value of ¥ Jor which P has a
SYa.ﬁ.onaw\.j Velue

P= LEO  or

T
df L& | 2
dr rz
dP _o_. 480 _2
dr — Ty

r¢#—2u0 _s r =240 = yVJism
= 1S.Sm

NN ORR 0 000 O IO o
P 7 3 9 5 1 A 0 4 4 4 8



Question 15 continued

(C) Proo(f thet Pis minimum at the
S\h\ﬁbnar\\ﬁ Value O(S Y

.iE. = 4 80 L 2

dr re

dtP  p80x2r _ 960 O
dr ra r3 7
d*P -

T >0 cfora,ll Values gj’ r.

At Ehe stakonary point P is Convex.
Therzd’or’el P is minimum When
= L} \IS m.

(Total for Question 15 is 9 marks)
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16.

=<V

o 1 NE)
Figure 5

Figure 5 shows a sketch of the curve C with equation

0<x<?2

The region R, shown shaded in Figure 5, is bounded by C, the line with equation x = 1,
the x-axis and the line with equation x = NG

(a) Use the substitution x = 2sinu to show that the area of R is given by

b
2
I kcosec udu
a

where a, b and k are constants to be found.

C))

(b) Hence, using algebraic integration, find the exact area of R.
Give your answer in simplest form.

3)
(@) Lt A= area of R

3
R = f l ol
| octyy-xz

P 7 3 9 5 1 A 0 4 6 4 8
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Question 16 continued

LQk X = 272Sinu
dae = 2Cosu du

h_x*= 4 —4SnWw =4 (I- anzu.) = 4 Cosu

x:‘_, Sif\uz.zl’- —-7U- 1-%"
OC,-.;\B_, S\.V'\u.;:,' E_} lL:..T_‘—.
2 3
T
A= 5'3 2 cosu du

Z’[ I} Sin*u iy (1-sintu)

j’ 2 cosu du
% I (Sin* ) (2 cosw)

du

53 |
'% L Sin* W

|

J’ cos«: w du
N

From the cforr.m wla booftlef :

ﬁli (CotBx) = _R cosec'Rx
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Question 16 continued

s ;'t_.. cobu)= _ Cosec*u
7 du ( )=

T
A -_-_L.f3 Cosee W d U
* =%

(Total for Question 16 is 7 marks)

TOTAL FOR PAPER IS 100 MARKS
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