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1. Find

x2 (2x -9) d

writing each term in simplest form.
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Question 1 continued

(Total for Question 1 is 4 marks)
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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

where a is a positive constant.
Given (x — a) is a factor of f(x),

(a) show that

a(4a’ +5a—-6)=0

(b) Hence
(1) find the value of a

(i1) use algebra to find the exact solutions of the equation

f(x) =3

w Sinee (x-a) s o fackor, @=0 must be true
Gy=a ‘j/ \(
We com hence substitute %=o into the equakion:

[(a1=0 = 4(a)* 4 S(0)*- |oa) + 4o {41

0- 4a5+ 5a°- 10a+ 40, | coliect Lke terms

0= 403+ 5a - 6o ')L/ [achrize

0= al4n’+50-¢) A

Hence Shown

(b)i. 0= 0.(40%+ Ba-6) — [uchorize — Q=6 (4a-3)(a+2)
. 0=0, 0=-2 ,a% B4
Reject ap ais o
positive Constanmk .
i. f(x)=3 ond Substibute o.-?T

fOx): 4%+ le-mx-v*(%.) Subshtute o=

()= 4)(;" ‘Sx"- ox +3=3 M1 [(n=3

4x35x'-10% = 0

x=0  é—x(4x*+Sx-10) =0
- Use

x= -5t185 _xz=0-  BiA
8
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Question 2 continued

(Total for Question 2 is 6 marks)

O



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| = 38

1)
(b) Find the smallest value of a for which
|0B| > 04|
(2)
Le_t_;s first wnke DR and 08 as column vectors :
8
8= (3)
J— k5
0= )
- P .
(v 10A1 is the moguitudo of 0A whiun weger by using Pythogovos’ Theorem:

Use :
10A1 = f5%3 427

= 154444 =38 hence shown @

(b Let’s Lind \08) using Pythngoeos’ Theorem:
Use :
1081 - EET TS

=J4tl6tol ={2040°

Since o iy an integer
for 20+a°>38,
> (8.
The first Squowe uwboes lowger taan 19 is 25 (5%) s
- SmoRAk, 0-Vajue . ‘@=5 A
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Question 3 continued

(Total for Question 3 is 3 marks)
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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

 the curve has a stationary point with x coordinate o
* o issmall

(a) use the small angle approximation for cosx to estimate the value of « 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.
(2)

@) At the Staxionoary point, x=o, §(x)=0.
Slkbsdku’ce . ] cos 0 P
0=20+5(4=3) W expond
0:20+4 9
2 3

0=2%_9n-4
4 2 )M
0: 0-80-2  \se
a= 413§2 dH
However o must be Smoul . rejets 413§2.
0= -0.143 40 3dp Al

(b Substtuse =0 into {(x) o gok tho grodiens
(°0) = 2o+ Lcos(0)

=1
2
Use with m=% amd (Q,3)
-z L -
9 3 2‘(x 0)
y
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Question 4 continued

(Total for Question 4 is 5 marks)
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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

y a 16.8 b 202 | 187 | 135

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 =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)
(@) From the
& trapeium rule
Subshtute: B

13.59= L(0.2) (@ +13.5+ 2(16.8 ¢ b410. +12.3))
1159 = A +13.5 + 2(55.3) +2p
3s.a = 124.940+ 2b
S1=a+2b Whence Shown AA

(bY 7Y voduen=93.2 —> A1.2:=0+tb+ 16.9+20.2+18.3¢ 13,5 1)
93.2: Oxbe &1.2
28 = 0+b
Solve Simuimneously:
a=28-b
51:’(?8—\93*).%9
54-28:=b — =23
0. 28-23=5

LLooa=5, b=23  Aann
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Question 5 continued
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6. a=log,x b =log,(x + 8)

Express in terms of a and/or b

(a) log,x
(1)

(b) log,(x* + 8x)
(2)

(c) log,| 8 + 64
X

Give your answer in simplest form.

3)
{ X = %& U R
- a _
= Lzlo%x logx " = aloqx
=
_i.g, 81

7 factorize
(b) |oqi(x‘+3;;) = log,(x(x+8))
S B l
It would be an easy = log,x+logx+8) My loglaby=logatlogp

mistake 1o vewritetnisas  =@0+lo) (A4

factoriee - 8
3 Laqzlbﬂ’_}): log, (B(x +&)) &1 "
= 8 “ = loga + \o
X
-\
- = a+«\o (¢
< -1 Y “ * = va

. J

e v '
00049604
s
DoSoren et
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RRKL
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Question 6 continued
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7. The function f is defined by

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

(a) State the range of f

1)
(b) Find '
3)
The function g is defined by
15
g(x)= T 3 xeR x#3
(c) Find gf(6)
(2)
(d) Find the exact value of the constant a for which
f(a* +2) = g(a)
(2)
@) Swosutuke mthe domoin w>2 .
fea= 3+ {0
f(y=3

f(x) >3 romoe @A
T ()

(b) Fivse set [(x1=y

y= 34 J%x-2

AWhj %‘-’K Qnd xX=y
J

VI
Moke y the swdeck
x-3:=y-2

(x-3Y: y-2

Y= (x-3"+2

Set u=["(x) N4
J L) %A |

g"m = (x-3) +2 , %23 xelR Remember toalways
A\ Stoke the domnciw,it gets o mavk!

Lqfed:=13 A9
J 2
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Question 7 continued

(d) %(g"’*z) = 3+Ja‘+z-)_ = 3+4a* = 310 Subsiture x=a*+2
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squakes [avmat! a*-9=15 1
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Question 7 continued
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Question 7 continued
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FRONT OF STAGE

D 576m Diagram NOT
accurately drawn 9
B F CZD
C O
=
23rad -~ =
- 2
-
A 0 G m
I5m 2
)
<
BACK OF STAGE :
Figure 1 E
Figure 1 shows the plan view of a stage.
The plan view shows two congruent triangles ABO and GFO joined to a sector OCDEQO
of a circle, centre O, where
+ angle COE = 2.3 radians
\,
« arc length CDE =27.6m g
*  AOG is a straight line of length 15m 3
=
(a) Show that OC = 12m. =
-]
2) m
Z 2
(b) Show that the size of angle AOB is 0.421 radians correct to 3 decimal places. ;:l
(2) 7
>
Given that the total length of the front of the stage, BCDEF, is 35m, 2 :
3=
(c) find the total area of the stage, giving your answer to the nearest square metre.
(6)
() We need to find OC, the vadius of the Gircle center 0.
Use :
J3.6=12.3xr 1
23.6 o
r:=——:1 A1 heomewe Shown o
1.3 s
o
: . . . =
B Since A0G is o Strougns Une: <
A o A )
AOB+ QOF+ (OE= T vod. =
. A 3
since AAB0 ond AGFO e Congruont, AOB + GOE . Z
-
_2ADB+2.3=T My I
AOB: W-2-3_ 0.421 voad henwe shown 4
2 o
A i

R 00 000 omm
P 7 2 8 0 4 A 0 1 8 4 4
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Question 8 continued

((A)

21.6=CDE

15m

E /
2.3 )// S0B=12+33715. 30 29
/

A 04u 0 G

15m

— Avea of each triangle
— —a—

use A:'zubs'm{'- A0 R0=0C+CR

(
A= %—_G.B)(Il +3.3)s1n(0.42\) M4
24.0m"

—» Sector OQCDE

Use A=‘v¢'0:

2

>
[

';(mz %x2.3 M1
165. 6m> A1

165.6 +2(24.4) 44

= 204wt A1

'\

J

O

R 0O AR 00 ,
>
P 7 2 8 0 4 A 0 1 9 4 4 Turn over



www.mymathscloud.com

7

Question 8 continued
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Question 8 continued
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(Total for Question 8 is 10 marks)
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9. The first three terms of a geometric sequence are

3k+4 12 -3k k+16 |,
@)
where £ is a constant. §
(a) Show that £ satisfies the equation %
-
3K — 62k +40=0 5
(2) -
<
Given that the sequence converges, :
=
(b) (i) find the value of £, giving a reason for your answer, 34
(i1) find the value of S,
6
(@) Since it's 0. geometric Sequence e vatio betyseen consecutive terms is consrant:
S
|1-3k = k"\s n ‘1 =
3k+a  \2-3c o
" =
(12-3K) = (k4\6)(3k+4) ’__‘"
\44- 32k +9k* = 3¢’ Sk v 6a =
= QLo
0= 6k -124k+ 80 )-E-l :‘_:|
023k 62+ 40 A @
owh 2
>
(b)i. =  (ommon vatio IricH
0= (3k-2)(k-20)
k=% k=20 W
k= 20: 64 , - 48, 36 r= -2
4 O
-2 6 , (0 , 20 r=5 o
3 3 3 P
()
o
=
X =
k=20 as for k=10, v=-- 3‘:- and fov series to converge > Irl<q A4 =
2
. I T
n. Jor Swm o nfimnty: =
>
#
0:64, v= —% B4 >

Spo =% 256, 5,225 4
A--3 * *
a4 M
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10. A circle C has equation

x>+’ + 6kx —2ky+7=0 8
where £ is a constant. §
(a) Find in terms of %, %

(i) the coordinates of the centre of C E
(i1) the radius of C ;
3) 7
b
The line with equation y = 2x — 1 intersects C at 2 distinct points. E
(b) Find the range of possible values of £.
(6)
@ Complere the square to get the
A4 6kx +y%- 2ky +3 =0
(x+3K) - B0 + (y-k)*- (-kV'+ F=0 5
(x+36)= ke (y-k) -k e =0 2
(x+3K)+ (y- k) '=10L"-2 2
L (-3K, k) S
FHIEY [TE5) m
s
th)  Subpstituke Y= 2x-) nto X%+ \5‘ +6kX - 2ky+3=0 %
X% (2¢=12"* 6kx -2k (2x =) +¥20 =
collect like, Y'+ 4x™- 4x+1 4 Bkx-4kx+2k+¥=0 X
terms ﬁ S5x' = 4x+2kx + §+2k=0  ax'+hx+c=0
Q=5 2k-4=b c=8t2k
Use discriminant  b% 4ac >0 s the equation must frave 2 distinct solutions for
the Une o intersect the civde twice.
(e-6\" - 4(5)(8+1K) >0 2
41 16k +16 - 20026+8)= 0 z
41" LhE416- 40k- 16070 =

4K 56k~ 1442 0 S

Use to get k: ;
k=1 £I85 T

Sketch the quadiosic: >
as we want b-4ac>0, s k>te <3- =

Wt wWonk the areo above,

}-Jes %ﬂ-{ﬁs
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Question 10 continued
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11. log v 4

0,3) (10, 2.79)

~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 7 and 7.
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 @ and giving
the value of b to 3 significant figures.
3)
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)
(@) the inikiok Vodwe s ok =0
09,6 V=3 oxt=0
PSRV M1
vz §\000 Initio) \yodue A4
b use \=ak’
Get w= 30'_2_'\‘0'" = -0.021 log,, V- log, okt
\0(‘\“\( =3= -0.004(t - 0) 0g,,/= log 0+ tlog b
log,,v= 3 -0.021t 4 X
(0g o= 3 o. = 1000 \=ab
\ b= -0.0 b= o " \J21000%0.a53° /!
0y, b= -0.02 =10, s )
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12. y =sinx
where x is measured in radians.

Use differentiation from first principles to show that

Y

— =cosx
dx =
Y n:
ou ma =
g &
5% 1958
* use without proof the formula for sin(4 + B) s
T
%
sinh cosh —1 S
« assume thatas 7 — 0, — 1 and — -0 =
B “\

®) S
558
~ Feom the loveuon bosclet: S
L) = Um [(x+h) =L ()
v ha0 N ’
jov this case: >
LXK
Yy =sinx —— expond using ;
—Bj—ﬂ 2 Sn(x+h) -Sinx SinlA+B) = SinAcmB+ CosAsinB | g
dx h <

MAA4 = Sinxcosh +s xsinh -Sinx
h

= Sinxcosh -s\ny + cosXSinh
h

= sinx(cosNn=-1) + cosXsSinn

As h=0: (<OSh-A\\_—5 0 and (Sinn Y\ ¢ d M
\Tw / Voow )

= sinx (0) + cogx(1)

= coey = Qv hence shoum
dx
AA

J
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R0 0 R O T
EmC >
P 7 2 8 0 4 A 0 3 3 4 4 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

O
@)
* the maximum vertical height of a carriage above the ground is 60 m g
* a carriage starts a circuit at a vertical height of 2m above the ground g
)
* the ground is horizontal a
The vertical height, Hm, of a carriage above the ground, ¢ seconds after the carriage E
starts the first circuit, is modelled by the equation u
)
b
H=a—b(t-20) )
m
>
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) g
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 3 3
H=29cos(9+ a)° + f 0 < a < 360° ’__°|
m
where o and f are constants. E
X
(¢) Find a complete equation for the alternative model. a
2) P
m
Given that the carriage moves continuously for 2 minutes, >
(d) give a reason why the alternative model would be more appropriate.
1)
1
@y H=0-b(t-20) completed squave form
Maximwm— (20, )
o= 60m Ad 3
when =0, H=2 : z
1
2= 60 - b(0-20) solve forn M) =
- 5% - b(400) =
=258 .23 - 5.4 =
b “oop ~ 206" 0.145 E
o bzo0.14s T
73
. %
complete model: H=60-0.145(t-200 A o

R 0O 0 O A omm
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Question 13 continued
(b) Substitute § =40 :
H=60-0.145(40-20)"
H=2m B

() H=29cos(at +t) + 8
Maximum H=60, reddhed when Cos is MAXIMUW oSy ax = b
60 29(0) +8— 8=31

t=0, H=2:
2> L9cos () +34
- 29 =29cos(x)
Cosk = = { = = ¢o§' (-1)
o= 180°,8=31 1)
complete model: ‘H=29cos(qk +180)+31 /1

(b) The Second model atows for the Cavnoge s complete more than one Creuit. &1

35
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Question 13 continued
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(Total for Question 13 is 7 marks)
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14. Prove, using algebra, that
n+1y-n

1sodd forall n e N

4)
When n is even.
n= g(cﬁmmk\o\e of 2 .. guen
use the M%' (2D
T = (L 320 + 31«1 - BE

= 8¢ +304r") * 6L+ 1- 8¢

= 12k% + 6k +1

26+« W

Amj even numbey is_odd ,.. when nis even, (h« W is odd A1
When A is odd:
nN=2k+1 3 3 Q};e thfu
(Uerd*1) = (Le*N — expansion
dsethe —= (2E+2) - (BK +3(4L) + 6k + 1)
crnonetn = (B 3001 () « 30QY + 2°) = 8C - 126 ck-1
T 24"+ 24€ 48 - 12 - gk-\
= 12et+18k3
T 26k +Qk) +Y  Jw
Amj even nubeyr is odd ,.. when nis 0dd., (h« D is odd
Hence, (n+1-n’ is 0dd for ek neN proven. A
38
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(Total for Question 14 is 4 marks)
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15. A curve has equation y = f(x), where

7xe"
f(x)= — x> ni2 O
NCE) CZD
(a) Show that 9'
: 3
. 7e* (e (2 — x) + Ax + B) =
£/(x) = = -
2(e™ - 2)? 2
(e ) 5
where 4 and B are constants to be found. 7
5) >
m
(b) Hence show that the x coordinates of the turning points of the curve are solutions of =
the equation
2¢™ — 4
X= =7
e +4
(2) ;
2™ - 8 '
The equation x = ———— has two positive roots a and S where £ > a >
e +4 O
=
A student uses the iteration formula g %
r:'n <
L oL -4 =
n+1 e3xn 14 _|/
L
in an attempt to find approximations for a and S ;
. . . 2¢ — 4 B
Diagram 1 shows a plot of part of the curve with equation y = ix i and part of the >
line with equation y = x © 7
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
(1) )
)
Use the iteration formula with x, = 1, to find, to 3 decimal places, CZ)
o
(d) (i) the value of x, S
)
(i1) the value of g =
3) 2
-
Using a suitable interval and a suitable function that should be stated %
(e) show that a =0.432 to 3 decimal places. E
(2) >

R0 0O 0 omm
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Question 15 continued

(av We ave osked to diffeventote: .
fx=__1xe

e¥*-2

We see it's o division - we Need ond the nuwmorator is e
munelication - we  need

First Quotient Rwie:

wztxe* w = > Produck Rule:  @=dx b= 3}
=4
v=Ae®-1 " vk 2 (e-2)? beXx  g:=e*

. W= txe*+te™. M
Rehan nue:multply by
the derivabve of. the

bracket! w’ v <3
- Grxeere e 2 -Gve’)-2e> (e 2)" d M4

({e™*-1)'

J_ [}
L 2L
x 3 _;. Ix 3 2
A e [(‘x-&ﬂ(e *2) - zXe (e t2) ] }uc\-ovoux Te*
3¢
e’ -1

i 3 .
Te*(e¥*2)" L"‘ (€2 2) -3 foctor out (e%*-2)"
(e3*-2)
Ix —
Ye* [z(x-u)(eax- 2)-3xe ] iz(e‘ -2) ‘b.to denominator
2 (e*2) x(é“_z)'-s — index rule: X2 xY’ = x%tP
X 3% 3% .\ _ 2.3
. reX(2(xe*% axae -11) 3xe”") expand Tuumaval
2(e™-2)3
x( 2.xe3x— 4x+2*2 ¢ -3%e>)
= Ye = expand Mwmovalnr-
2(e*-1)3
X, 3
A4 = e (ex(s’;'t) ":‘“"‘) collect \ite  ‘eyms
2e™-2)% as_Yeguived

a1
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Question 15 continued

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

) 8
VA VA =
h 3
his last arrow nas
tt‘cs) veach the root! =§U
1. up vertically =5
Uil you reach | | s
ihe cune | | 2
| i T
. | i
. then harizontally | n
unkit %=y and | >
then again verticany | E
| |
l l
l B1 l
| l i l
I 1 > ! ' >
0 a 1 S X 0] a ll S X
Diagram 1 copy of Diagram 1 o :
o
(0 The tumi " points accuy when £(x)=0: Z
o
-]
e (e (1-x)-4x-4) _ §
2> -2)% | m
3x E:?
e (2-x)-4x-4 =0 M B
3 s
2e>% xe* ax-4:0 o
xe "+ ax= 26> 4 E\
x (e**+4)= 2™ 4
3% .
Al zile;*_'* as_required
e 4
(d) i. Substitnte Xx4z4: -
¢*? 4 el+s o
2
< 15013356 —1.502 todsp. A S
=
=
i, 6=1.968 g1 =
Z
-
T
7
>
X
m
b
42
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Question 15 continued
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Question 15 continued

(Total for Question 15 is 13 marks)

TOTAL FOR PAPER IS 100 MARKS
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