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-
2. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
f(x) = 4x’ + 5x* — 10x + 4a xelR
where « is a positive constant.
Given (x — a) is a factor of f(x),
(a) show that
a(4a’ +5a—6)=0
2
(b) Hence
(i) find the value of a
(i1) use algebra to find the exact solutions of the equation
f(x)=3
C))
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o%
%S

PLog.—asold
b= 30!
N = 5




S0RALRL pototototetdl ¢ \
ZRLR SRS

R S0

KRR QALK

SRR BRI

2R 0L

KIRREK LKL I I
RIS QREEKELE uestion continue
IR IS

ZRER SREIRELS

R SIS

SR SRR

RG0S SR8

GRRKS Desasesesest

a8
XK
be%e%5e%

e

K]
XX

XK
KRR

220!
0

RN

oot dotetedetsl

CWRIT

A ;02:':":’00'“*0
9620562656256 %%6%%0%!

%
%
X X X
Y

XX

S0
O-NOE-W
PR NI W
L ANMNT A WW,
SO0 00090999,
$26%6%%6%26% %% %"

oo
‘B
A
e
KRS

OO et atetetetetetetotetototetodet
X
3%
o
o2

XX

X

oot otetetetetotetotetototetotetototetode ok

%
CRKK

QIS

%0t}
RRRIKS
CRLLLLLLS
o6

25K
%
oo
%
o2

OO

otodetotetototetote!

S tetotetetetotete?
CISRIKIKKK,

%5
RRRKSSLLLRRKS

b%!
R
deodetotetel

SRR

.:’

oot ot tetetetatetotetete!
QKKK

35S

ﬁ;
&
25
5
059
25
8
o5
25
8
&
&

25
5
&
92
9
25

S Tesseseseteetetetetetetete oo tols

%
L

&
0%

207
XX
2%
20583
9388
38
o0
2K
9388
938
2%
XK
388
XS
2%
3K
XK
3%
o2
3K
9388

%5
3095

%
o8

KRS
OO0
é%?}
2R
SR
L

e
%
KRR

OO

e doteted!

ERsssss

i totes
X
ot

o0
KRR
o205

1929
K5
P
%
XX
50

5
et
& s
X
2R
o%
D0

(<X
K XX
XXX
2%6%6%

205
5
oo
S
SXRKS
DoenrIges
Sy
qﬂsﬁvup
S0 ool
55
dogaaatel
5
0T
SRS
%
K
X
G
205w ~ 1083
050" ~ 2%
SRS
& ]
X I
SIS
ogaaate%l
SPPRS
050 1,390
dog-loget
%
<
>
%
IRERIKS
2RI
CHLRIKS
CRIRI:
KRR o
ZLRES o
KRS
355 55
SRS
SRR
2RI &5
5% K5
SRR KRR
SRR SRR
2RI 25555
255 5
SRR KK
SRR SRS
SRS 250K
SRR LIRS,
SRR SRS
ZHLREK SRERELS
RS SRS
RS 50K
SIS K888
HLXREL LR
dog-ratotet S
0 v 1% PSS, — 9,
R o
53 S0l
.:’ ..3'
%, A

XX
0.0
A

CXXAAK
196%%
~

%%
o%%
.0.

XX
CRIEX
e
o

-
3
2R

5

K
KK
XX
Qﬁﬁ?
03‘
LKA

0%
000
K

K
9K
QIR

0902000099

SRR

(Total for Question 2 is 6 marks)

X RIIELIIKRELKY

1902000009009 %%
%%

0902000009009 0%

So%e%s
K
0208
40208
&
258
b99%s

%%

o0
KX KKRLERKKRKL

000005020 %0 %0 %

5
| N Turn over »



7

3. Relative to a fixed origin O
» the point 4 has position vector 5i + 3j + 2k
» the point B has position vector 2i + 4j + ak
where a is a positive integer.

(2) Show that | 04| = V38

(b) Find the smallest value of a for which

—> —
loB| > 04|

(1)

(2
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

The curve C has equation y = f(x) where x € R

Given that
1
e f'(x)=2x+ o Cosx

» the curve has a stationary point with x coordinate «
* o is small

(a) use the small angle approximation for cosx to estimate the value of o to
3 decimal places.

3)
The point P(0, 3) lies on C

(b) Find the equation of the tangent to the curve at P, giving your answer in the
form y = mx + ¢, where m and c are constants to be found.
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r

5. A continuous curve has equation y = f(x).

The table shows corresponding values of x and y for this curve, where a and b
are constants.

X 3 3.2 34 | 3.6 3.8 4

y a 16.8 b 20.2 | 18.7 | 13.5

The trapezium rule is used, with all the y values in the table, to find an approximate area
under the curve between x =3 and x =4

Given that this area 1s 17.59

(a) show that a +2b =151
3)

Given also that the sum of all the y values in the table is 97.2

(b) find the value of a and the value of b
3)
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N
6. a=log,x b =log,(x + 8)
Express in terms of a and/or b
(a) log, Jx
(1)
(b) log,(x* + 8x)
(2)
(c) log,| 8 + 64
X
Give your answer in simplest form.
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7

7. The function fis defined by

(a) State the range of f
(b) Find f'

The function g is defined by

(c) Find gf(6)

f(x)=3+Jx -2 xeR x>2

_ 15 < 3
g(x)—x_3 X € X #

(d) Find the exact value of the constant a for which

f(a® +2) = g(a)
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FRONT OF STAGE

Diagram NOT

D
27.6m accurately drawn

BACK OF STAGE

Figure 1

Figure 1 shows the plan view of a stage.

The plan view shows two congruent triangles ABO and GFO joined to a sector OCDEO
of a circle, centre O, where

* angle COE = 2.3 radians
» arc length CDE =27.6m
*  AOQG is a straight line of length 15m

(a) Show that OC = 12m.
(2)

(b) Show that the size of angle AOB is 0.421 radians correct to 3 decimal places.
(2)

Given that the total length of the front of the stage, BCDEF, is 35m,

(c) find the total area of the stage, giving your answer to the nearest square metre.

(6)
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7

9.

The first three terms of a geometric sequence are
3k+4 12 -3k k+16

where k is a constant.

(a) Show that £ satisfies the equation

3k~ 62k+40=0

Given that the sequence converges,
(b) (i) find the value of k, giving a reason for your answer,

(i1) find the value of S,

(2
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10. A circle C has equation
X'+’ + 6kx —2ky+7=0
where £ is a constant.
(a) Find in terms of £,

(1) the coordinates of the centre of C

(i1) the radius of C

The line with equation y = 2x — 1 intersects C at 2 distinct points.

(b) Find the range of possible values of £.
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>

loglOVl

1€00.3) (10, 2.79)
P\’\

~V

Figure 2
The value, V pounds, of a mobile phone, # months after it was bought, is modelled by
V=ab'
where a and b are constants.
Figure 2 shows the linear relationship between log, /" and .
The line passes through the points (0, 3) and (10, 2.79) as shown.

Using these points,

(a) find the initial value of the phone,
2

(b) find a complete equation for V in terms of ¢, giving the exact value of a and giving
the value of b to 3 significant figures.

(&)

Exactly 2 years after it was bought, the value of the phone was £320

(c) Use this information to evaluate the reliability of the model.
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12. y =sinx
where x is measured in radians.

Use differentiation from first principles to show that

d
Y CcOoSX
dx

You may
* use without proof the formula for sin(4 + B)

+ assume thatas 7 — 0, —Slzh — 1 and cosh—1

6))

2253 250K
N B B8
555055 KKK
RHLRR 2K
CRHLLR X
CRHLKS SR
GRS L
Saw s
XXX S
LK desesesetes
CRHLKS SR
LRALRS S
LKL KK
R 25
ZRIILRRS
RIS
KK
P00 o o0
I
5
Do Sse-elel
S
S
Py THTA!
SIS
%5552
S
SIS
SRTTR
SERES
D% vereted
oo
&
S8
IR
RRXLXS
SRRXLKS XX
QIR SRELRK
LR L
QRKIK LK
Posesessssts TR o otototols
RRXXKS Sesesesetes
LXK e
LKL KEEKKs
K 2RRIK
SRRXLKS S
3 SRRKKK
35 RRLLLS
KRHLR
SRLRR
Bovegesesess
RRLGES
fosers? aoss
R
2008
S
$55 X
3
Lol 0%
KK e
Doge 0.1 0% SONK
QSR 9% %08
SOPGS KL,
BELL N
SRIRKE SRS
R oSS
LKRKEKL LI
R ZRRLL
LI B
RRLK ZRRELS
RRRRKR RRRKKS
XRRREE S
RILRS SRR,
IRALKS IR
R 8
’o‘o‘o‘ SRS
RRRKS SR
KK S8
SRR RS,
558 30088
K8 5
5 &
SRXKS
batetede’
358
258
pasatele’
S
X%
%
J

32



SRR XL M \
90%6%%% 10 90%0% %%
096%%6%% 096%0%%%
SRHLRR RRERIR
SRR RERRLS
096%%6%% 096%6%%%
SRHLRK QAR I I
KULBLLL KK uestion continue
2% Sotetotode!
90%6%%% 10 9096% %%
096%%6%% 096%6%%%
IRHLRK RRERIR
SN

G
oo
-
3,
%
5

o RS
SRS
(9.9, o5
X X XX
[ o
fose, X
é#: 3
:0» KK

%
) A
28
e’

SRS
oo le%
S 05

000
0%
Ll
K]
KR
XX
S

e
%

-
<
X

%%

s

X&
!
|
b
L

OO
I'N
AN
5K

K

Q0
ofetytetet

<

%S

%
|

<
0%

48 =

- fase=—20
X SRS
X sl foss 5oty
UL, SIS
SRR S
958, & ZOYs

<
A
R
383

9%
%%
N

) -

oo%e?

R
‘N
3,

betes

X
~
1@
o
%

X

q@t’
;

KK
¢

|

0.0

,
8
23
%
b%e!

OO
.
53

o2 44
2%
o
020
5

RS SREIRLS
2K Sodetotoe!
KRR KRR
ootetess LK
2R Sodetoote!
KRR KRR
SRR SRR
2R 2L
KRR KRR
IR SRS
2R ZRIL
KIRRXK KL
2R 2L
KIRREK KL
SRR S5
1958 o 93
RIS el
o Sl
> &
=
038, € oo B0 1 1059,
b y
2% %
o5 S
= SRS
Z L
5 S
Ko RIS
)5 RIS,
o
5 KRS
XK Dodeataloe!
55 5
B e

<]
24,0

%05
SRR

2985

SXRKS
OO
e
PR
Sl
Suvavs
5
SRS
SRS
%
dogeTasesst
G
05 ~ %]
SRS
5 %5
X I
ogaaate%l SRS
SITRSS O
SR S
02e” - oo TR ee"~ s
X -
IRERIKS o
o eotee! e
SRR KRR
SRR RKRRLREL
K KKK
CHXRIKS XKL
SRRLRRS SRR
SRR SRR
deSetotetel ZRL
2% RS
SLRIRS SREREKS
CRRXRRS S8
SRR SRR
S Setotete! Sotetotode!
2% 28
SRR RS
SRR SRS
KKK KKK
SRR LS
GRULRL RS
SRS SRS
39243090 St
5 S
R o
2000~ 03¢ HRRS
050~ Soro TS i U [o5e!
058, & X8 Dos0r=i= 00
SN S
8 o 508!
5 QTS

696%%%%
0%6%%%%
CAT

o
>
b K
oo
RRKS

>
RS

oSotatetototet
0000008
O 000000
(00,0 0. 0.0,
SRRIRIKK,
ERIIRLS

(Total for Question 12 is 5 marks)

0000 %%
RRRKKS

XRKKRRKL
%%

o
SR
<X
RS
XK
b99%s

%
O

33
N Turn over »



(

13. On a roller coaster ride, passengers travel in carriages around a track.

On the ride, carriages complete multiple circuits of the track such that

» the maximum vertical height of a carriage above the ground is 60 m
* acarriage starts a circuit at a vertical height of 2m above the ground
» the ground is horizontal

The vertical height, Hm, of a carriage above the ground, ¢ seconds after the carriage
starts the first circuit, is modelled by the equation

H=a—b(t-20)

where a and b are positive constants.

(a) Find a complete equation for the model.

3)
(b) Use the model to determine the height of the carriage above the ground when ¢ = 40
1)
In an alternative model, the vertical height, Hm, of a carriage above the ground,
¢ seconds after the carriage starts the first circuit, is given by
H=29cos(9t+ a)°+f 0<a<360°
where o and S are constants.
(c) Find a complete equation for the alternative model.
(2)
Given that the carriage moves continuously for 2 minutes,
(d) give a reason why the alternative model would be more appropriate.
(1)
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15. A curve has equation y = f(x), where -
Txe" S o
f(x) = —— x> Ini2 g <
e3x - 2 g b 5
(a) Show that 3 o
E \»kv;I <
yo T (2 -x)+ Ax + B) z2 =z
() = : A ow
2e™ - 2)? Z =
where 4 and B are constants to be found. T "O‘ ,
5) > =z
= 5
(b) Hence show that the x coordinates of the turning points of the curve are solutions of ;s B
the equation S
X ==
e +4 S
0)) S b
3x S S
: e — . 8 <
The equation x = ———— has two positive roots a and S where £ > a S ?ﬂ
e +4 s =
A student uses the iteration formula i o o
nel = 3m, 4 o
e +4 q; g;%:;i
%
in an attempt to find approximations for a and f /1;:%.; g/
3x _ B0, eiate ;;Q:
Diagram 1 shows a plot of part of the curve with equation y = pa and part of the :\’ S Q\
line with equation y = x © S S
Using Diagram 1 on page 42 g
(c) draw a staircase diagram to show that the iteration formula starting with x =1 can
be used to find an approximation for S % %
1) g YE;
Use the iteration formula with x, = 1, to find, to 3 decimal places, g ﬁ
(d) (i) the value of x, = £
2 =2
(ii) the value of S o e
® = &
Using a suitable interval and a suitable function that should be stated é %S |6
(e) show that o = 0.432 to 3 decimal places. ::; g
@) = 0
. J
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Question 15 continued

VA

Diagram 1

=V

VA

Only use the copy of Diagram 1 if you need to redraw your answer to part (c).

copy of Diagram 1

=V
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Question 15 continued

(Total for Question 15 is 13 marks)

TOTAL FOR PAPER IS 100 MARKS
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