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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 xeR
Given (x — a) is a factor of f(x), _[ ( 7" ) = O
(a) show that
a(dd® +5a—6)=0
2
(b) Hence
(1) find the value of a
(i1) use algebra to find the exact solutions of the equation
f(x)=3
“4)
3 2
o/ Ygr *5H5a -10a +t¢a =0
S T
Ga t5a — ba = O
Z —
a(lfpa "t Sa —6)=0
. _ — 2 -2
p L/ az=-0 a - /‘1“ a =
* } &5 o 1S o tVvet (epAajtant,
¢
> S -
"L/ Lf'?c *+ Ly — 10 x +L¢—(T> —
3
Clrx —1—57(,?’———/0)6_—1'3 = 3
s T
4&2 + § = —] 02 = O
z(42*tSx —/0) =0
J—
~=0 ,—=5t|l¥= ’S—WZ——

B
M A 0 =
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Question 2 continued

(Total for Question 2 is 6 marks)
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-
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.

(a) Show that Io_/il =38

(b) Find the smallest value of a for which

—_— | =
loB| > 04|

0y

(2)

a) (5°+t3°*2 = (38

\\

b/ (2> t4*ta" 7 (3%

221 ta > 3%

20 t A D 3¢

at 7 %

A =25

J————
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Question 3 continued
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4. 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+ 5 cosx
| o | / R
» the curve has a stationary point with x coordinate o f ( L) =
* o is small

(a) use the small angle approximation for cosx to estimate the value of a to
3 decimal places. -~ 5
CO5 6 ~ / /9 3)
Y V-
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.

(2)
ol  Lx L Qe# 0
L
2a top(1-%) 70
1
0t —PLZ — %’ -0
L p(l«rlp(. + 1L =0
o 2
o= BT < - 0.24%
X —
b/ flixy = Zx + £ (o5 2 <0/g)
m = 2(o) + =~ Co>(o)
=
1
Y = }LI + 3
8
N . 00 A
P 7 2 8 0 4 A 0 8 4 4
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Question 4 continued
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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 3.4 3.6 3.8 4

v 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 is 17.59

(a) show that a +2b =51

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
S oaleprbrzoz e g RS < g
8) 0.0 = Alovt 22 7-59
A bt ¢l .45 = 97.4S
[4
L L= 2
o+ b T 5
b atbt 671 = 17.1
A+ b= 2%
at4b = 5|
a=§ b= 23
—_— —
10
NN Y A0 OO -m
P 7 2 8 0 4 A 0 1 0 4 4
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a=log,x b =log,(x + 8)

Express in terms of a and/or b

(a) log,x

(b) log,(x* + 8x)

(©) 10g2(8 + ﬁ)
X

Give your answer in simplest form.

(J)j-,, —=

Ly ($ 2164 = log, %
(,o‘jlg(_xfg)) — IOjle
Uj-L ¢ t oo, (x13) — log, X

P 7 2 8 0 4 A 0 1 2 4 4

12

(1)

(2)

&)

OmC .

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

Y3dY SIHLNIEILIIM LON Od



o
3

( )

X5
LR

$RRRLS
RERS

ésgﬁi .
25
%
QLRI

Question 6 continued

S5
3030805

X
35
XX

X
XORRRRARARAARKAR R

é&’k
oo
BRI
oS0l
$RKKS

=R
o
2%

)~
K

XX
0%

|

o
%
0%

3 tbh -«

—

o
X GO X
s
<?w¢

(0.9 XX
KK
(939 1 4 (ool
SRBMIS

00000,
i

XS
otete%e%e

OO0
g&&
0o
YIRS
RS

<
e
S22
2050
2K

55
200!
o200

o
SR
X8
%
25!

o
0
o

%S
XRRRRRKS
LRLRERRLRKL

20!
2%
oS
S
L

X%
XS
R

0%
KL
2L

%
botes
$%%
6%%
2%

oS

5
%

000

s

o2
A
5

XL

Fxs
ORI
26%4%%%

(Total for Question 6 is 6 marks)

. J

13
o R D 0 O Turm over »
p 7 2 8 0 4 A 0 1 3 4 4




. The function f is defined by

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

o
(a) State the range of f

(b) Find f'
PSS

The function g is defined by

15
g)="_

3 xeR x#3

(c) Find gf(6)

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

f(a® +2) = g(a)

o) t(x) 73
b/ gy = 3+lx-2

Lo-3) = =-=
Dc—:(‘ﬂ—-S)‘L-t’z_

O
T~
ij
—
o
——
(1
w
-+
o
|
~

)
_ s 1%
ges)l = 573 =
¢

14
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FRONT OF STAGE

~ _/[ D  576m 2. 1 Diagram NOT

BACK OF STAG

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

* AOG is a straight line of length 15m
(a) Show that OC = 12m.

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

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.

0-/ Arc l-@AaMAt ro
27.6 T r LZ .3)

276
r—= 2.3
~— 1L m

18

P 7 2 8 0 4 A 0 1 8 4 4

accurately drawn

2

2

(6)
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Question 8 continued

c Lx+ 27.6= ¢

] ~N ¢ N\ . {
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{ 0 L

- 4710

Séc e ar€a =
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9. The first three terms of a geometric sequence are
3k+4 12 -3k k+16

where k is a constant.

(a) Show that £k satisfies the equation

3k~ 62k +40=0

(2)
Given that the sequence converges, - { r< I
(b) (1) find the value of %, giving a reason for your answer,
(i1) find the value of S,
(3)
4= 2 -
Slety RSN

(12 -3e)(12-3) = (e~ 16>L3'~**>
144 — TAK T 9g* = 3T THC T 48k 16 Y
ok — 124k + 80 = O

" -bZK t4p <O

b/ V\.:Qo of —%

3

b v=20 Ly, -8, 346 r= "4
}f kf-l’—l é/ 16, [é% = %
: B

K=20 belause -1 <7< T

_,_//’_——__——»
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v 2y Va..
10. A circle C has equation (1 - 0.,) t ( ‘:9" ’05 N

x> +y*+ 6kx —2ky+7=0 8
where £ is a constant. CZD
—|
(2) Find in terms of k, §
(1) the coordinates of the centre of C /@ E
=
(i1) the radius of C E'
3) ;7;
The line with equation y = 2x — 1 intersects C at 2 distinct points. E
(b) Find the range of possible values of £. bz"' Yac >0
(6)
a/ T tekX YT —2y T T FO
2 Z L
(L +3w) —dp+(Yy-w) ~ K T7 =0 |¢
@)
L L =
(x +3k) T (Y- = Io®-7 | =
—|
=
i"/ (odius - \‘low——7 =
=
T \’ —

b/ x“+6kt t (1z-1) ~2dk(2x-1)tT =0

at kot 4 4ot Y +| —Yhkx 4 e +7 =0
- . g
2 S
b 4+ ALx —Uax + dk+¥ TO 3
- = =
% i ¥ (Q—K“‘f)x/ t (:u,urg) -© 2
" T
b~ 4ac 70 >
=

(2w «cf)z' — q(s)(j.m—r%} 70
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Question 10 continued
UK® = L6k t b — 4ok - 160 >0
Gk = S5Hc - 14y > ©
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11. @ :jTM M-\C ,(C/

\l -
O%\\o
1€00.3) (10, 2.79) \ J
0 f
Figure 2 -

The value, V pounds, of a mobile phone, # months after it was bought, is modelled by
—gE——

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.
_ 3)
=24

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.
(2)

(\

0\/ latjmv 2
Y = IOg
— |000O

L1000
L1000

———

b/ m = 219 — 3 — _ 0.0%]

f

10
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- | Question 11 continued

= yooo (o 953

%

- ~N 2.

c/ v = LooO (o.9%53)

\

/ v ~ 7

~ £315

315 s Close bt 320

twne

Models seemS to bt reliable.
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Question 11 continued
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12.

where x is measured in radians.

Use differentiation from first principles to show that

You may

y =simx ) S\ f\P‘C
P‘x@ -
5 0

dy
dx

= COSXx

» use without proof the formula for sin(4 + B)

e assume thatas 7 — 0,

\D(>‘\A“>° .

ms ‘/\,“‘50

32

o

sin A cosh —1

— 1 and -0

C))

L(x+la) ~L(x)

= |im Lwn(xt) — Sinx
=0 N

- i~ SiNnX(osh +2dX Sinlh — 3L

-0 —
I~ I~

= |im sinx @3k~ 8 L (pyxsian
/
\/‘-—70 (N I

-
li = sing |22 Z *"“’L(/
L~—0 I~

Erlx) = sinx ((7\ 4 o x (|>

— Co> X
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R A0 0 A =
P 7 2 8 0 4 A 0 3 2 4 4

v
LAEY
N

ft
ODQ> X pr‘

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

Y3dY SIHLNIEILIIM LON Od



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 12 continued
(Total for Question 12 is S marks)
L _J

O m

VR A O 00 N
Turn over »
P 7 2 8 0 4 A 0 3 3 4 4 urnove



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.

(b) Use the model to determine the height of the carriage above the ground when ¢ = 40

In an alternative model, the vertical height, Hm, of a carriage above the ground,

t seconds after the carriage starts the first circuit, is given by

H=29cos(9+ a)° + B 0 < a < 360°

where o and S are constants.

(c) Find a complete equation for the alternative model.

Given that the carriage moves continuously for 2 minutes,

(d) give a reason why the alternative model would be more appropriate.

al  Mac Ulighd ~lea tZ2o
. AT b0
wler E=o  H=2
2= 66-b( -20)
-58= ~b(+o°)
5% -

o= So5 T oS

34
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Question 13 continued

4=60- 0145 (t - 20)

—

1

T —

b/ wL—\eA t-uo
1
H= bo — 0.14S( 4o-20)

-2 .

¢/ H=29 cos(ql:+o¢) + 31

2= 2 cos &~ + 3\

_21  _
= Cco> o
~Z7
[0)
x = | %0

H= 29 cos (1L tlg0o) + 3|

o{/ e alfernabve pmodkel  will rc(fadc

mm R 0 0
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14. Prove, using algebra, that
n+1y-n’

isodd forall »n e N
4)

Foaous ewen e p= 2m
(amrly = (2w)
(lm—ﬂ)(?r«‘ﬂ)(’lm‘r(} - m°
(M + Gmt1)(2mrl) = §m°

%ms 4 4m 8»’\47'~r Um +om ~+ | “_@_ﬂfj
(2™ +bw |
2(6m2+3m) + | odd .

Quea + 1 1 odoL_

o is edd ek AT Dt
(2ati 1) = (2n«1)

(2m42)° = ( gm® tl2nbtbm 1)

K)-M-P’L) ( PIV ’L}(?. V\—('L> — R M3 ""LM’L-‘ Q—.»M. — |

Q(-(rml—% e -l—%)(lm—kl) — Xmg 1=t \é,M_./

——
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Question 14 continued

\2mt X 19+ 4 + |
2L n" + 9n {—5\> + | odd.

ever + | s odd
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15. A curve has equation y = f(x), where

7Txe*

f(x) = — x>1ni2
Vet =2

(a) Show that

_ 7e"(e™(2 - x) + Ax + B)

') .
2(e’ - 2)2
where 4 and B are constants to be found.
(3)
(b) Hence show that the x coordinates of the turning points of the curve are solutions of
the equation
2¢* — 4
X = BEEE
e +4
(2)
3x
The equation x = 2e3x—4 has two positive roots o and S where f > a
e +

A student uses the iteration formula

in an attempt to find approximations for a and S

2¢** — 4

and part of the
e +4 P

Diagram 1 shows a plot of part of the curve with equation y =
line with equation y = x

Using Diagram 1 on page 42

(c) draw a staircase diagram to show that the iteration formula starting with x =1 can
be used to find an approximation for S

S (1)
Use the iteration formula with x, = 1, to find, to 3 decimal places,

(d) (i) the value of x,

(i1) the value of p
3)

Using a suitable interval and a suitable function that should be stated

(e) show that o =0.432 to 3 decimal places.
(2)
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Question 15 continued

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

VA VA

i
?/

=V

|
|
|
0 o 1' i

=V

ol 1 B
Diagram 1 copy of Diagram 1
2 c's
Zet (8T 4w 22 ) -2z ™)
Q_L_Q—BTL __@) >/ o
= 7 (2P —ut 2w —3xe”
2(e3* —2) "

—

——
N

— o Qle”saa. —f‘.LE}DL —Ga /L"B
2(er~-—2)""

_ 7@:&&6}7&&2-—0&.3 — U > /L(—l

Q,C 6—3_-,(_ ’2')3/1

L:[ Ze* Q€3>CCQ-”C-) — U > /Ll‘> - 0o
lLe’Sv«_ -/2.)1/1
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Question 15 continued
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