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X
1+ x

The table below shows corresponding values of x and y for y =

The values of y are given to 4 significant figures.

X 0.5 1 1.5 2 2.5
v | 0.5774 0.7071 0.7746 0.8165 0.8452

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for

2.5 —
1+ x
0.5

giving your answer to 3 significant figures.

2.5
. ) 9
(b) Using your answer to part (a), deduce an estimate for J- ) +x dx
X
Given that
2.5
9x .
dx =4.535 to 4 significant figures
1+ x
0.5
(c) comment on the accuracy of your answer to part (b).
o/ 0.§|0877% + 07071 +O.TI% T O0%I6S + 0-345Z
—
< z
= /. &o Ssh
A
L/ l +
a g’ =
]+
I 0
3 F+x
3(/.80) = &.So Z_-_'anns = qsu]
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N X
Relative to a fixed origin, points P, O and R have position vectors p, q and r respectively. %
Given that §
e P (O and R lie on a straight line >
e (O lies one third of the way from P to R 5 :
B
show that 5
- Lr+2p) =z
3 s A8
3)
£ A& 2 R %
2 3 —o
P
%
—_—> -3
fa = —p+g FR = —p~+r
Y. L
L&~ 3 ( f*tr /)
o
Fry = =l-r=c)
- -1 {
q = —p + =V t p
b 2 3
2
= g
Tz (7"° + )
_
=(r +2p) :
s
&
3
&
g
g
)
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(

3. (a) Given that
2log(4 —x) =log(x + 8)
show that

xX>=9%x+8=0

(b) (i) Write down the roots of the equation
X¥*=9%x+8=0
(i) State which of the roots in (b)(i) is not a solution of
2log(4 —x) =log(x +8)

giving a reason for your answer.

(®))

2

a/ 2log(4~-x) = logle +8)
14 J J

—

2
Log(4-x) = log(x +%)

2
($ —x) = 2c + %

(4 —2)(¢ -x) = x +38

z
/6 4> —4x +x = X + ¢

>~ —y= 4+ 1C = x + %

x* —9=x —~+ 8 = o

—_—nm

L,/ (x,-x)(x —1\) = o

x = 2 = =

_ ———

u/ < connpt— Le oo solui~on
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(Total for Question 3 is 5 marks)
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e

4. In the binomial expansion of
7 .
(a+2x) where a is a constant

the coefficient of x* is 15120

Find the value of a.

3

7y = 36

35a® (2x)7

S6oa 't = Jg126x%

540a= 16120

a> =27

o = 3
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P 6 6 7 8 6 A 0 8 5 2

020202020 %0%%
XXX 0/0 X 0\0
SRR

29959,

0%

% ZRRIRIKKK
CRRIIILLLLRKK

%g ,.ék'.; . .{Nbfi ;'W.;‘ o> 3\4 288 ;i:*;:
t’&s:s BRI

XX

L

X
X X X
o 7%

K5

KK
g
~§§’~b0

N
4
3

Wdavay 0¥l
S
e

<%
3

e
po%enr 008

‘:"5 ’:‘:
o0l ” 4 1%
v
00300
P00 - 2058
0% ae%

< B 0
<o

2%

X
Jg;n

e

$%0%%
XXX XX
N
So%e%
0.00’:.¢ R

25
0%

d%:¢ L

RSB

%
XXX
<X
5

29098

%
KRS

ot
00t
o208
o2

-
0008
2
<5
R

X
%

OO0
SRR
2
2555
3§§§$
RRKS

{ 2558
Sototetetotet
RS
S
ZRLIRRKR

bee%00%
C 94?
%%g%&




<

(950
L
X
vqf

00000 00 09 00 0 000999
R R RIS

YONOT.

IO N KV
RHIRIKRIIIKS,

%%
<)
Y
e
5

1900000 %%
09000 %%
posesesetets
p990Se%

dodotetetode!

Q6%
S8
9%
(5
QL

09

oS
oS

5

X RRKKKL

R

28
ot

LK

&
oo%s

QRN
(e

0%
£
N
<k
<

SV
K
fy <5

KIS
IR K RRKKL
000040000 Q?@ XXX

O
X

0>
o
o7 Y04

00
oot
o oY
)
<

ot
%
dote%s

OO
SO
KIS

<$§$§§§§§$%$

ot tetetetotetetetete!
e O O e O S SO SR S8

I IIIIIRIIIRIEIKIKKS,

0% %%
O

<

SRR
20
XX

>
%
5
é’
dodoteds

9%

QRRKKL
00602 %%
QRARKKL
ﬁ“&&’

7

Question 4 continued

(Total for Question 4 is 3 marks)
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5. The curve with equation y =3 X 2" meets the curve with equation y = 15— 2" at the point P.

X2
5
2555
5

00 %%

Find, using algebra, the exact x coordinate of P.

(C))

+)

>C =
S x2 = 18- 172

3(27) =15 — 2(27)

5(2%) =15

0%

% ZRRIRIKKK
CRRIIILLLLRKK

C

§s
RRLRAILILRAILRLRAK % - 1L Y 1O
\W\ 3 \‘/ SIS \f:’s};

o5
XX

S8

X
X X X
o 7%

K5

oot
.,‘(s
S

$959%%

X2
(o~
{3

oo

N
i\
3

Wdavay 0¥l
S
dosert

<%
3

e
po%enr 008

S
o0l ” 4 1%
v
CRCKD
po0 - 0%
0% ae%

< B 0
<o

2%

X
Jg;n

e

$%0%%
XXX XX
N
2950
0.00’:.¢ R

8K,
e

%!

KKK

235 X
RIS

%
290959

\
X
S
XXX
K

0008
<
S5

%%

XX
XX
08
bodede
XX

0085
335
oot
RIS
SIS

5

SRXRK
363

5% %
25038
%t

RS
5555

oo

0
W%?%f

X R 0 0 A
P 6 6 7 8 6 A 0 1 0 5 2



<

(950
L
X
vqf

00000 00 09 00 0 000999
R R RIS

YONOT.

IO N KV
RHIRIKRIIIKS,

%%
<)
Y
e
5

1900000 %%
09000 %%
posesesetets
p990Se%

dodotetetode!

Q6%
S8
9%
(5
QL

09

oS
oS

5

X RRKKKL

R

28
ot

LK

&
oo%s

QRN
(e

0%
£
N
<k
<

SV
K
fy <5

KIS
IR K RRKKL
000040000 Q?@ XXX

O
X

0>
o
o7 Y04

00
oot
o oY
)
<

ot
%
dote%s

OO
SO
KIS

<$§$§§§§§$%$

ot tetetetotetetetete!
e O O e O S SO SR S8

I IIIIIRIIIRIEIKIKKS,

0% %%
O

<

SRR
20
XX

>
%
5
é’
dodoteds

9%

QRRKKL
00602 %%
QRARKKL
ﬁ“&&’

7

Question 5 continued

(Total for Question 5 is 4 marks)
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6. (a) Given that

2 —
X +8x 3EAx+B+
x+2 x+2

xeR x#-2

find the values of the constants 4, B and C

(b) Hence, using algebraic integration, find the exact value of

6 ) _
x° + 8x 3dx
0 x+2

giving your answer in the form a + bIn2 where a and b are integers to be found.

=z + &

———

x +2 Fv_iz+zx.’3

2% 4+ 2%
Ex - 3
Cx +12
—/5
—
2"t 8% -3 4g — 15
> + 2 x+ &

A=l B74 C=7)S

L/

s
x—+2

— 24 6x — 15 In]x #2,/]
o

(;’(4}2 + 4(6) —I5 In z} — <,,5 In 2)

° o~

é

™

/Q‘r 3@"5'&3*‘S|v\2
SY4 — 1S tn 2+ /Sin2
54 — 4S5 1ne + IS a2
S¢ — 3o |n L
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Question 6 continued

KKK
%
QLR

QIR

14

P 6 6 7 8 6 A 0 1 4 5 2

%
b3S

QIR
S odetetetel
e tototetete!
RIS

pasese!

R
XXX

QKK
-

%
3K
!

%

<

35
<
S5

..
1<)
O«
%3

X X
‘:
%
%
&K
:”"
58
0!

3K
9%
o R RN
% SRR

X
%%
QL

XX
KK KK
SRS

%
ZRLRLRE

00000002000 %000 %020 06 %00 %%
RRIRRIIIIIILLL
RIS

o

0002090009000 %000 0090090 0.9:9:%
XL

0902000200000 0000 900090990 %%

o20%
X

I AIIZAIAKK,
000
otetetedel

5

$%0%%
PRI
0%0% %% %

196%%

%5
%5
X

kS
ALK
S0% %
9% > 0o
SOKRRS
S Setoteel
S tetotetel
Sotetotetet
2RRIKS
RRKKS
SRR
RXRR

HHH

S
CRRKEL

RS

ote%e!

KKK

&
33..

Sletotede!
RRRKKS

S
%S

X X

%

2
2855

RRRRKR

R85
RS
X
XX




<

(950
L
X
vqf

00000 00 09 00 0 000999
R R RIS

YONOT.

IO N KV
RHIRIKRIIIKS,

%%
<)
Y
e
5

1900000 %%
09000 %%
posesesetets
p990Se%

dodotetetode!

Q6%
S8
9%
(5
QL

09

oS
oS

5

X RRKKKL

R

28
ot

LK

&
oo%s

QRN
(e

0%
£
N
<k
<

SV
K
fy <5

KIS
IR K RRKKL
000040000 Q?@ XXX

O
X

0>
o
o7 Y04

00
oot
o oY
)
<

ot
%
dote%s

OO
SO
KIS

<$§$§§§§§$%$

ot tetetetotetetetete!
e O O e O S SO SR S8

I IIIIIRIIIRIEIKIKKS,

0% %%
O

<

SRR
20
XX

>
%
5
é’
dodoteds

9%

QRRKKL
00602 %%
QRARKKL
ﬁ“&&’

7

Question 6 continued

(Total for Question 6 is 7 marks)

R PR A D0 0000 A .
Turn over »
P 6 6 7 8 6 A0 1 5 5 2 urnove



=V

Figure 1
Figure 1 shows a sketch of the curve C with equation

4x? + x al 50
= —41n
y N X X

(a) Show that

dy 1207 +x —16vx
dx 4x\/;

The point P, shown in Figure 1, is the minimum turning point on C.

(b) Show that the x coordinate of P is a solution of
2
4 Jx )
x = —_—— —
3 12

(c) Use the iteration formula

n+l 3 12

2
4 x|
X =(——£J withx1=2

to find (i) the value of x, to 5 decimal places,

(i1) the x coordinate of P to 5 decimal places.

C))

3

(€))
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Question 7 continued

_ 4 (4vx)

4 x\r; ¢x(x Y (>

- 122 + = - l¢f =
4> =

L] ﬂvw'/\j Po‘m{/ i< wl/urc% = o6

22 +x — el = _ 4
6/«7.\[';

Jaxt +x —16€dJx = o

3
/255 1 (= —-16 = 0>

x}i — -/’6—” ()_’;
=
z
¢ _ = \7
T\ 3 el
= 2
_ T
¢/ Zos -(Z_;L—,:n Z-2
Iz
¢ _ = )3
ZL:(7'TZ
= 1./ 389¢
u/ L, = (/5693 X, = /.15¢5]/
2, = /./56%7 X =1 /5450

R0 AN o
P 6 6 7 8 6 A 0 1 7 5 2

Turn over



7

Question 7 continued

KKK
%
QLR

QIR

18

P 6 6 7 8 6 A 0 1 8 5 2

%
b3S

QIR
S odetetetel
e tototetete!
RIS

pasese!

R
XXX

QKK
-

%
3K
!

%

<

35
<
S5

..
1<)
O«
%3

X X
‘:
%
%
&K
:”"
58
0!

3K
9%
o R RN
% SRR

X
%%
QL

XX
KK KK
SRS

%
ZRLRLRE

00000002000 %000 %020 06 %00 %%
RRIRRIIIIIILLL
RIS

o

0002090009000 %000 0090090 0.9:9:%
XL

0902000200000 0000 900090990 %%

o20%
X

I AIIZAIAKK,
000
otetetedel

5

$%0%%
PRI
0%0% %% %

196%%

%5
%5
X

kS
ALK
S0% %
9% > 0o
SOKRRS
S Setoteel
S tetotetel
Sotetotetet
2RRIKS
RRKKS
SRR
RXRR

HHH

S
CRRKEL

RS

ote%e!

KKK

&
33..

Sletotede!
RRRKKS

S
%S

X X

%

2
2855

RRRRKR

R85
RS
X
XX




<

(950
L
X
vqf

00000 00 09 00 0 000999
R R RIS

YONOT.

IO N KV
RHIRIKRIIIKS,

%%
<)
Y
e
5

1900000 %%
09000 %%
posesesetets
p990Se%

dodotetetode!

Q6%
S8
9%
(5
QL

09

oS
oS

5

X RRKKKL

R

28
ot

LK

&
oo%s

QRN
(e

0%
£
N
<k
<

SV
K
fy <5

KIS
IR K RRKKL
000040000 Q?@ XXX

O
X

0>
o
o7 Y04

00
oot
o oY
)
<

ot
%
dote%s

OO
SO
KIS

<$§$§§§§§$%$

ot tetetetotetetetete!
e O O e O S SO SR S8

I IIIIIRIIIRIEIKIKKS,

0% %%
O

<

SRR
20
XX

>
%
5
é’
dodoteds

9%

QRRKKL
00602 %%
QRARKKL
ﬁ“&&’

7

Question 7 continued

(Total for Question 7 is 10 marks)

R PR A DV 0 A A .
Turn over »
P 6 6 7 8 6 A0 1 9 5 2 urnove



r

Given that

8. A curve C has equation y = f(x)

e f{'(x)=6x>+ax —23 where a is a constant

e the y intercept of C'is —12
e (x+4) isa factor of f(x)

find, in simplest form,

f(x)

(6)
RS 2
.’l’[x) = bx +ax —-23x +c¢
/ 3 2
whea x=p g =-12
/2 = cC

(2 +4) /S &

7

-F‘acJ—aV ?[l'\"f') =0

2y) + 2 ()" - 23(4) -1z = o

7

-4 8 + Sa = O
Do = @8
a = 6

20
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9. A quantity of ethanol was heated until it reached boiling point.

The temperature of the ethanol, °C, at time ¢ seconds after heating began, is modelled
by the equation

0 — A — Be*0.07t

where 4 and B are positive constants.

Given that
e the initial temperature of the ethanol was 18°C
e after 10 seconds the temperature of the ethanol was 44°C

(a) find a complete equation for the model, giving the values of 4 and B
to 3 significant figures.

C))
Ethanol has a boiling point of approximately 78 °C

(b) Use this information to evaluate the model.
(2)
hea t =o a=13
]33 = A —E Cc" = !]
vhen t=l0 8 = 4y

—0.07(19)

4y A = Be
A= 12+8 A=Yt + e 7

/8 + B =44 + Re o7
-0 7
B - KRe = Z6
B(] — e °7)= 2¢
B = 26

/9 = A —5/.6
A = 675

PEE— g
mm——

_0.07t

=467 ¢ - Sl.be

by The Hox temperoture i tune Model s 67¢° . The wookel
/S nol  accucake ot 67‘66 Mmucle  leas Than 7‘?0 (,40}'6/0\{)
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10. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that

cos34=4cos’A—3cosA

4)
(b) Hence solve, for —90° < x < 180°, the equation
1 — cos 3x = sin’x
4)
2/ Cos 3R = (o5(24 T A)
= Cosph cos A — sin2A sinh Sia A = 2 iaPAcosh

= CosA( os?A ~SidA) —siaf (ZsinAcosA)
= cos’A — corBsintA — 2sinatA cas A m
= cos'A - cos A ~c‘>314\ ”ZtMA(“’U"?’*)

= cos'A - cosh 4 colA - 2cor A 4 5 oA

= 4"035?/' — Sces A

3 _ .

b/ / — [éfcosx'gcosl_> — S//(Zz

3 2
) = Geosla t Rcmn = | —costx
3
J = Ycos x — cos o 4+ Scoy 2
3 2

4 cos e —cos x + Scosx = O

C,osx,(lfca.tzx.‘-éos); + = -0
Cos x((f@s l+3}¢¢51 _,) -6

Coy x—o Cos X = -3 Coyx = |
Y—
%90, - 10" 22 )38.6, 244, 18T azo
a = "’70"/ °, ‘7_20_; 138.6
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11.

VA

0 X
P
Figure 2

Figure 2 shows a sketch of the graph with equation
y=2[x+4[-5
The vertex of the graph is at the point P, shown in Figure 2.

(a) Find the coordinates of P.

(2)
(b) Solve the equation
3x+40=2|x+4|-5
(2)
A line / has equation y = ax, where a is a constant.
Given that / intersects y =2 |x+4|—35 at least once,
(c) find the range of possible values of a, writing your answer in set notation.
3
o/ y- zlerry]-58
4 d | l
lowes porab wliea /1 'f‘-;—l} o
X - —@
‘\Jl‘lfm. X = -y I ~ —
! J
(=4, -s)
7 4
L,/ 3x +t40 = Z!L’f"—f*) —£

Lj;Z(DL+L{>'S whea > -4 Y= 2{c+4)-S whar x & —L;J\itﬁ

P 6 6 7 8 6 A 0 3 0 5 2

VAUYSIHLNIZLYMIONOG

SOOI

s
5 2/»
3
z
T
:
B

(XXX

RRRRRRRLLLS

o%0%6%
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Question 11 continued
Tx 440 = 2(c 1w — ¥ T t4o = -2 (x =+ &\ —S
B + 40 = 25 + 8 — S B +40 = — 24 — @ — &
Bx + Y40 2% 4+ 3 3x 440 = — 2= (2
S x = — S3
N
—37 < -4 nob o salaken s
—o*
¢/ \ /A
’ \ / /
\ // a>2 (I)'f—er-(/ ﬂ(dl{/\ﬂ" wi (|
v
\ / peel Y= 2(x~y) —5 )
\ J
\/ °C gradrenlk mub e Jow eacunl
fy J o)
/ o rent [ {"‘1‘, -'Y)
C4-5) b,o)  p= T
X~
= =
[
a > 2 or o < —
oy N . N
RIS
= 1 LU S
>< a:o>2 ¢ ) fa: ag S
55 ) 4 )
. J
A A O A X
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12.

=V

Figure 3
The curve shown in Figure 3 has parametric equations

T
X =6sint y=15sin2¢ Oétéz

The region R, shown shaded in Figure 3, is bounded by the curve and the x-axis.

2
(a) (i) Show that the area of R is given by J 60sinzcos’t dt

0

3)
(i) Hence show, by algebraic integration, that the area of R is exactly 20
3)
VA
M N
T \
\
\
421\
|
l |
! >
0 x
Figure 4
Part of the curve is used to model the profile of a small dam, shown shaded in Figure 4.
Using the model and given that
e x and y are in metres
e the vertical wall of the dam is 4.2 metres high
e there is a horizontal walkway of width MN along the top of the dam
(b) calculate the width of the walkway.
)

o) fjatx:Jjj’—;iolk

Crossey 2 whea Y=o 0= & sva 2t

P 6 6 7 8 6 A 0 3 4 5 2
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Question 12 continued

=0, 6 7
t= o, &
%
y 4x e g 5 sa 2L
J, VYV dFt {
x = b6 sia t
ix_ = 6ot
Je
“a
P =
Ssazt (§ast) AF
Jo \ /
Z
30 s1a2 cosk d t siak = 2sabenst
N
2040_\(;[25;,:4:40:!:) At
4
E
\ 60 siat wi’t b
Jo
u/ U = cos du - - Sinb
/ ol &
) a //
6O s1AF (o5’ b 2L ol
\ /w

p |
: S
j fo st w® g o

,\ v
I"éOu a/u
vV
3 3
'__éf__i = — 20u
3
- 3 4
= - L0 (5 C
r I
/“20@3 6/
— 5
— [
O — — 2.0 = 20 pwih y
e —
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Question 12 continued

&/ whew  §=4. 2 4.2 = 5§ sin 2t
21 = sin 22t
25
26 = 0.997, 2"“‘“-!'

E = o.499, 1.022

when t= 0.4a9 X = 6 s (0 4a9)
- 2.%7

when £z 072 = 6 s.'w( /.072,3
- 5.27

§27 —2.9) = 2.4m

X
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( )

13. The function g is defined by

3In(x) -7 : 8
g(x)= In(x) — 2 x>0 x#k s
foss( om0 s
o
where k is a constant. E
(a) Deduce the value of k. ﬂ
(1) 2
e
(b) Prove that é
g0 >0 g
for all values of x in the domain of g.
3)
(c) Find the range of values of a for which
g(a)>0

2

0/ MO{C‘LMILQOL whea In x — 2 =0

z
z = €
,é" 2
=€
’7
lo/ Slanx - 7 u=3lnz -7 V= lnx - 2
/”1——7 0(1“- 2 '(/‘/ /
/:/ - —
A x Axr  *

Zllnz -2) ’/)’/3ln1 -7)
~ \ / Z N /

- Lt
(1nt = 2)

3/:\1 p— 6 — glnx_ -+ 7
x > - x

)

(Jo = -2)°

) R 0 0 0
P 6 6 7 8 6 A 0 3 8 5 2
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( J
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c/ J(x) = < fn
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Slwx -7 > o0 lhz —2 > O
(wx > & hmx 7 2
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3
Bo ;Posih'/a wilren x > €
Rs ha Vl&ejav"iue, wolene x < €
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14. A circle C with radius r
e lies only in the 1st quadrant

e touches the x-axis and touches the y-axis
The line / has equation 2x +y =12

(a) Show that the x coordinates of the points of intersection of / with C satisty

5x2+ (2r —48)x + (12— 24r + 144) =0

Given also that / is a tangent to C,

(b) find the two possible values of 7, giving your answers as fully simplified surds.

@ / Ceatre (f/ r)

EXTant: Rj‘f)L ="

9 = l12—2x

—€= ,\)z {2 =2x ) =

(=)= ) * (g=r)ly-c) ="

T =
X* —rx —rx -i—fZ fjlwrxj -rj +{ =C

| .

25— 2r>x + ‘71 —Z_/:j ~ 27" =¢

T

- 2,3 +(/z—z,c) —2-(12-23) + 2% =it

x> — 20~ 4 ('17.’2,3;) (I'Z—’Lac) 2% ¢ 4+ Yr> +2,°

- 2rx 1144 -24a —24 %+ Git —240 t4cx 420" =/

—_—

ga:L-l'Zr:p — Y48z -r)s»tf - 24 + 2(7' :/L

Dx* + (Zr"t8>x +(r7' - 24 'rlL{—Lf) - 0O
i ————
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Question 14 continued

b/ b= Yac =0

“l

(20 -48)" — ¢(s)(v* —24r+14) =0

7

(20 - 99) (20 43) - 2o( " = 24¢ 7“%\/ “ 5

Z{z,/?" Tér 9L v +2304?L-20(L +Ll}80(\%&o =0

—6¢* 4 28¢c - §7¢ FO

loyt —283¢ £ STL =0

¥

¢ —1vr + 34 - >

(= at3[s  ov (=1-3(s
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Question 14 continued
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15. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

A geometric series has common ratio » and first term a.
Given r#1 and a#0

(a) prove that

Given also that S 0 1s four times S5

(b) find the exact value of .

n-3 -z

— 2 2 " o
+/ So= atorvac var . +al  Tar"+ar
G arsa tarrart 4 oar"t rort s oq”
S\h'rfw: Ovar“

S(t-r)=a(i=r")

SMLM
| —r

Slo - LfSS'
= L-Ifa(l’fv

/= ) —
a(l=r")=4o(l-r")
l=r" =q(l=r")
| -r'™ = &4 -4l”
0= (" =4y° +3
S OO R
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Question 15 continued
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16. Use algebra to prove that the square of any natural number is either a multiple of 3 or
one more than a multiple of 3

) :
1

25 =T at (2n\) =l —tgr s | :

A

25X

VAUV SIHLN) 304 10N 00

(30)" = Tn" (Su1) = Tu* 4 b+l

\

=3(3n") = 3(3t 124 ¢l

(Em-rlJL qwz"t‘lzr\-t—l_,b

\

= 3(at+4ntl) T
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