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candidate number.

Answer all questions and ensure that your answers to parts of questions are
clearly labelled.
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You should show sufficient working to make your methods clear. Answers
without working may not gain full credit.
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Read each question carefully before you start to answer it.
Try to answer every question.

Check your answers if you have time at the end.

If you change your mind about an answer, cross it out and put your new answer
and any working underneath.
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Answer all questions. Write your answers in the spaces provided.

1. Asequence a,, a,, a,, ... is defined by recucsive s equen:t‘
( plugging in a des

;l — on e rgsu- qwes
Start :I? e next jerm on

Find the value of

Poi We \ef+)
@ H a—w»8y=a,,, (h=)
(i1) a,,
)
“200
(b) Z(Zan—l)A termg
"S starhtt value )

(8) This is 2 recursive segquence 2

3,\41"4"3 f —'bnoﬂc.e now
IS 1 wore "f“"\“

Led's find ¢
iya, \9N 00 A" Sywyr .,

a = 4=,

103 - - B

- We camnoy Pind a 103 d.red-ly using i, given
formula. BUT ®

(0) a

¥, = - = 4-1 =3
= 4~
3

34 - ﬂ-a:; 3'.-.‘\
3 , , 1 ...
4 I 4 L
al
r

, A
33 34

it is peciodic.
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Question 1 continued

IBI ‘l_l.gl 1:.31 ‘ c o= o
A 2 K

92 dermsS

DONOT WRITE IN THIS AREA

3,V 3,4 3,19 poen, 30 030
_4' 2 l_ [ ] e

So ¢ 3 =3

0%

(b)
200 means Start e Seguena

> (28.-1) &t N=1 and Sum al
terms UpP o n = oo

n=1

- Fe + 1 - + - *...* 2 = )

DO NOTWRITE IN THIS AREA

Since tha serieS repears itsel@ @
2(0)\-1=¢§

2(1) =1 = 1

S 4+49,+ S & 4, +,S 1 2---

2 terms

|§"'1.+|g+“‘l'.os+lg+1|
1 2 100

~S6 Sum up b azoo’_ Izc:’gs‘q-l) o

(Total 4 marks) _]
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2. Acircle C has equation

V3dY SIHL NI '3LIdM LON Od

x> +y*+4x—-10y-21=0
Find
(a) (i) the coordinates of the centre of C,
(i1) the exact value of the radius of C.
3
The point P(5, 4) lies on C.
(b) Find the equation of the tangent to C at P, writing your answer in the form y = mx + c,
where m and c are constants to be found.
C))
(a) Sstandard form of equabion of 3 circha:
* L > ¥
-2 Y +(y-y Y =r
cenme entre
Ly rewrite qiven eq. N> standard form ¢
p S 2 -
2" +42 4+ 94y"<-l0y-21 =0
(1) compiele e Square e derms with % $

YIHY:SIHLNEILIIM TON-Od

x4 %yt =10y =

padd (2)" o bow Sides 3 .
x.+4x+7i\{.\.q7--l0q=21 +[4\
() ¥ - 2

X442 £ 4 +y* -Joy =21 +4

Z+4x +q + yro oy = 2§

Cp Pacrorise
%2

W3V SIHINIFLEMIONOG

P 6 2 7 2 1 A 0 4 3 2



DONOT WRITE IN THIS AREA

DO'NOTWRITE IN THIS:AREA

KRS

'DONOTWRITEINTHISAREA =~

Question 2 continued

(2) complete e squaore Br derms with y S

(2+2)* + y*=l0y =25
Iyadd () & bom Sides 3

~ <& )

2 2 -w\*. 93¢, /=0’
! ) 4 J 2 2

2 2 _ -
(xil, + y . 1034-25: 2§ + 2

(+2)? +(\’-$)2' = SO

FD

=) g 2
So : & + -5}:5‘0
x-(-2))* + -S)* = go

(1) coords of centre = (=2,S)

radius XP is perpendicular 4o +angent 3¢ P

So :

1
rgew m

r
(Total 7 marks)
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Question @ continued

m'_ = !:."yl

use : (S,4) amd (-2,5)

-2-9 E.

*a'q ) - P

') :17\\("7:;-» C

L4

y = 1%1(2)

FINDING C <
Method 1 © PLUG (4,~1) IN Y=mx+c, FIND C

DONOT WRITE IN THIS AREA

Y= 3x+C
4 = 3(s)Y+C
4= 38 4 C
C= =34

- DO NOTWRITE INTHIS AREA

So: | y=9%-34 |y eq. of torgent

OR -

2 | ¥ Method 2 2 USE: Y-y =m(2-2)
SN
V-4 = A(x-¢) Nnot+e : ¥\
y-4 = 9x - 35 method 1S {aster,
LA GWNCS €quakiagn
| Y = 32 =24 | direct\y !

J
R P RRR 0 0 —
Turn over »
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3. (i) Use algebra to prove that for all real values of x

(x—4) >2x—9
3

(1) Show that the following statement is untrue.

2"+ 1 is a prime number for all values of n, n € N
(i) (x-4)* > 2x-1%
o expand (n-4)t:
2*- g+l D ax-9

s MoVEC 8W rerms to one Side ¢

2r- 3216 D, 2%=-9

XT-Qu 2%+ 41630
a2t -10x +125 >0 .

0y

s factorise Wa ineQualky

2 -10% +28Y 0

(e-S¥x-SY%
(=YY" >0 L 7, 5 .

we Kkaow 4nat Square numbers are.
8lways qceater than or equal t» e

S8 T (2-S) 20  is ke
hences (2 -4)°2 22-9 (s true

(i) Mere, Yyou can Qive 3 counter-example:
ex: n=2 —» 92%.4 2

q
3x3 So NOT PRIME

= 3
= 3xW\ So NOT PrRiMe
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4. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of
(2 - lx)ﬁ 8
4 3
“) E
(b) Given that x is small, so terms in x* and higher powers of x may be ignored, show ﬂ
2
(2—lx)6+(2+lx)6=a+bx2 g
4 4 E
where a and b are constants to be found. 2
3)
(a) Binomial expansion formula 3
Aaahe\? " A FIPUC IR P ot Py
(3+b2)" ="C a'(bx)® + "C 3 (bx) + "C & (bx)'4-
)
o
=
_hc, = n! n: power of binowmial S
(n= Y11 (position of +erm) -1 5
OR.: USE CWOOSE FUNCTION oN CALCWLATOR m
_ 6 , ;
4 =
r;;v
- ‘ 6 -_a. o 6 "‘ - 1 G 6-2 - t—‘ 6-3 -,73 >:
Sl ) 4 —4) —G3% “4 |
cC.= 1 | NoTes:- E -
. (ethe ficst and last C_ .
C.=6 G are always =1 ﬁi\') 8
e - 6! b @ H g
(6=2) 2% to =
‘ ¢
c =_6! = 90  ® BINOMIAL COEFFICIENTS &
(6-3)!3¢ ( RRE SYMMETRIC 3
‘3 for (a+3) e . - =
~ 6Cozeee  GLITGC
T 6C




DO NOTWRITE INTHIS AREA DO NOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS AREA

Question 4 continued
2
= (0064) +(6)(32) () + 05 )08 ) +20nw) )

= @4 ~48% + I6x? -%,,_3

(b) lookk 3t the two frackons ¢

(~
( 2 fL'x) :
4 oeonly e Sign between
terms Changed fom -ve

(1 e %x)b %o +Ve.

Therefore, twe eypansion of (2+ '/ %)° is
e Same 23 W exparsion of (2-Y4x)€,
excepr N termS becoma pasitiye -

! - = 2 s 2
(2-2x)" = GA-48x + 16% - Za

l,_ ...T“.x)r’ = 64 +48x + Sx? +%x3

(1‘;—1)‘-\- ll +-;—x)6 - A e c.xpansicns\

cancal
/ \
G4 - 48% + \:‘;g’-..ia_‘-\- 64 +A%x + 1ISx? +£23
Canca\

= 128 + 230

(Total 7 marks)
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5. A company makes a particular type of watch.

The annual profit made by the company from sales of these watches is modelled by the
equation

3

P=12x—x2—120

where P is the annual profit measured in thousands of pounds and £x is the selling price
of the watch.

According to this model,

(a) find, using calculus, the maximum possible annual profit.

()

(b) Justify, also using calculus, that the profit you have found is a maximum.
(2)
() Maximum profit = maximum polnk , which

. ocMrsS whan
dP . o

dax
DIFFERENTIATION:
|
=ax" dy _ 3
I y % =nax
P= lnx-:?n-\‘lo
- -1 _ (3 31 1-1
ol 2
&9t 2
!2-4‘;-;"’- =0
9-x{ | =[3 i”'\x 2
a a /3
g = .
10
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Question 5 continued 2

Maximum selliha ?ricn. s P atr

P=12(2) - ¥ _\ae

P= 36% - 512 - 120

= £ 136 000
'L
(b) (e dTP 50 —» ﬂs\;\‘ttﬂlm \J
d*P _ 5 _y Poiwkrop -/
dx* = inflech ‘.
d*p Cmaximum N\
FPLAND/ A NE

~0.0933s L0 ; it S @ Mmaximum

(Total 8 marks)
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6. f(x) = kx* — 15x> —32x — 12 where k is a constant
Given (x — 3) is a factor of f(x),

(a) show that k=9

()
(b) Using algebra and showing each step of your working, fully factorise f(x).
in deqrees ! @
(c) Solve, for 0 < 6 < 360°, the equation
9cos*d — 15cos’0 —32cosf—12=0
giving your answers to one decimal place.
()

(3) FACTOR THEOREM =
W (x-p) is 3 focror of £(x), £(p)=0.

So: (%-3) is @ fscwr; fla)=0
e SOLVE £(3)=0 Yl 1 A2 2N

F(x) = lex® = Skt -3 -2

£(2) = k(2)2-1S(3)*-31(3)-12 =0 -
23k - 15§ - Q% -12 =0
273k =243 =0 o
A
} B & _ m 29 =243
VYAl \"iah k=9 Y
(b) Use a\gebraic division Yo factorise &
x-3 3 _1Sx® _22% +

(1) Divide +‘|rs+ Jerm of dividand by Ffirst ‘erm
¢ dI!ﬂSQE qx,'s 31:1 : e. s| ' P it '\'“
x .
Qo ”

x -3 3-{-3,&_201 12
C

|\ e
L]
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Question 6 continued

(2) MulRply our and write under

qQ 2
xmy} “1S%*-32% - |2
Qxd -3x°
(2) Suktract -\-\"01-'2-”‘\,‘|L bring down next term 2
p A
%—3 qg‘ﬁ -1S%?*-32% - |2
(A% -23")

122e2 ~ 222

4) Divide. Firgt derm of expresSion by first dermn

of divisor 2 _!2 3'-"-”2,‘ > hext term of guoviens
5z

‘I;r:-s 2%

2=3 | Qo =1S2%*-32% - |2
(A%3 -23%°)

122®* - 322

(S)Mubply our and write undar
%
& q:r:'-tl‘l‘k-
=3 | G903 —1S9%2_32% - |2
(23 -23?)

22?2 - 32%
X" —36x

@) Suntracy then bring down next term 2
Gr?+12%

x—=3 | Q93 - IS~ 322 -|2
(A3 -232°)

1222 - 322
-(12%* —36x)
4% -112

N
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Question 6 continued

(“+)'Dnneln. Fwsr leem of expresSion by first Yeren

of diviser < 2 4 > nexi +erm of guevrien-
'x..
qQe? 412 +4
=3 | Qo = 1S - 22 -12
u3 -232%)
n.x"- Ik
-(12%x* -36x)
4% -1

(8) Mulkiply ot and write undere

x-3 3,,3 -1Sxi- %= -2

-(_43 -23x’) AN~
- AN n.z"- ¥
¢ -(12x* —36x) A
. A&Ae-\
4% -12

(q) Subtracts -
Q24 12% + X +4

(923 -23*)

n.z"- - 3%
-(12%* -36x)

So: f(x) = (%-3)Ax 4121 +4) —> factorise
= (=-3)(d3x+2)" furives

N
Leave
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Question 6 continued

(e) Qcoc®e - 1S c.osTB- 32c0sO-12 =0
Qx® -|S %* =132 2 —-\2=0

Se % = coOsO
ml’-’om, We can feurite .

A0s%0 = 1S cos*H - 32c050-12 =0
(cosB - 3)(3cosd +2)* =

cos® -3 =0 ReJeCT '
€030 =3 — rarwe of y=cos® is_
on (VAR -1£6 <1

3cos®+2:=0

SOLVE ¢ <0350 = -2/ , 06 <360°

ON  CALCULATOR :

) --cos"(...s. = 121.3° (1)

ON UNIT ( 1RCLE ¢

© =360 -121.8°
= 228.8°

FINAL pnsweER !

for ¢cosO 230° (Total 8 marks) 7

360° o:
9=131.9 228.8°

blank
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7. Kim starts working for a company.
e In year 1 her annual salary will be £16200 a )
e In year 10 her annual salary is predicted to be £31 500 3 10

Model A4 assumes that her annual salary will increase by the same amount each year.

anthmenc series

(a) According to model 4, determine Kim’s annual salary in year 2.
. . 3
geomemc. series”

Model B assumes that her annual salary will increase by the same percentage each year.

(b) According to model B, determine Kim’s annual salary in year 2. Give your answer to
the nearest £10

3)
Partial Sum
(c) Calculate, according to the two models, the difference between the total amounts that

Kim is predicted to earn from year 1 to year 10 inclusive. Give your answer to the
nearest £10

(&)

(3) \n medel A, we can Find d , tan
e % Yo find Ay n year 2 o
yeor = 1, 1, *Ii-?i;f;g
salavy : £ r.aoo\_j 9, , == L3\ S00
. ta 7:-;1 8mor& hmes B

3] SO0 = 16200 + A&
dzT 31500 = 16200

q

d= 1300

nows : an = asrd(n-1)
. = 16200+ (1300)(21)
'-’- £ 13 qo0

(b) In model! B, we can find r en
use i+ 4o And Salary in Yyedr 22

16
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Question 7 continued

< year = 1 p 2 ;) eee , \®
= | Sa\avy ¢ 200 , d 7 eee L 3\ soo
2 N2 "~ N\ A

£ Xc XT 8 more times

= :

E .

?, So: 21 00 = 16200x I’®» by r # amo.s.
= .

8 r1 = 3 Soo

e e 200

r= 31 S00 - 1.03066%
416 200

ey
3: = 16200(1.0966%..)"""
= 13 449 = £\ . neavest £10
(D +oral for A ¢
S, =n \
2 ) ]
_ 10 \
2 ]

Q) totad Por B

a( 1-r“4'
1=-r

S = 16200(1-[1.0966g-~1 )
v (1-[1.09662--7)

l:

1)

£ 23\ 019

J
17
I
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Question 7 continued

> 348\ = J34%0

nesrest:
£ 10)

~
Leave

blank
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Question 7 continued

DO NOTWRITE INTHIS AREA.

X
5555

Q7

O
X
O
XX
>

KK,

00:; 00,?;%?%‘

RIS
\

(Total 9 marks)
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8. (i) Find the exact solution of the equation

2x+1

8§ =6

giving your answer in the form a + blog,3, where a and b are constants to be found.

“)
(11) Using the laws of logarithms, solve
log (7 —2y) =2log(y +1) -1
- (6))
Recal ry\es of logarithms ¢
loja( b) + \oga(C\ = |oaa[bx c)
tog, (b) = leg, (@) = log, (£
Iosab = ‘blega
(iy ne¢et
O wants findl nswer to ndude log, 3

taxe \ogs of boi sides,(base 2)

1 N BT ek = Oyl

. 109,8%"" = \ag,0 B

we know 8= 9.3
2x41 (109,8) =\09,6

P
(2x41) ( \e9,(2%)= 109, 6
(22 +4) (3 log,2)= ‘°316 = log 3 =1

(2 +4)(3) = 109,06

_(lx-\-‘l Y(3) = 09,6
3 >

20
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Question 8 continued

22c+1 = 199;6

)
2% +1 = '3 (2x3
3
2x+q = 1092 (2x3)
3
3
Qx.‘. 1A = 1« ‘0313
3
2% = A4 V09,3 _ 4
3
2% = \0933 o _L.
3 3

x = Iog,_3 - 1
PR
o= 10923 .
G 3

ALTERNATIVE SoLuTION 2
&1341 4 G

we know 2= 23
(23)1'“.*1 s

use rule : (@°)° = a®*
3 N
3(2x +1)
2 =6

bx +3
2

blank

N
Leave

J
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Question 8 continued

4ake  log, Of bew. gides
bx+3

163, 2 =l0g,6

103, 2 ’ =109,6
(6=+3)109,2 = 103, 6

(62 +3)(1) = log,6

bx+3 = log, (2x3)
bx +3 = logq(2%3)

bx+3 = 0922 +109,3
b +d¥ = 1 4+ l°51_3

MmaKe % Subject
6x +3 = 1+ log,3
A

bx = 1-323+\09,3
G_x‘: -2--\-‘09;3
6 &
x = 1 - |°91_3
(A &
2 | 102
X ___3 -+ E

)

(1) lege(3F-2y) = zloss_(y-\-ﬂ- 1

—>
|Oss.(:l-"1y) - 7.|ogs.(\’ +4) = -1
logs(?-QY\ - [ogs.(y...-\)z =-1
logg(3-2y) = loss-(y-n)" =-1

34V SIHL NI LM LON Od

YISV SIHENEIL M ION
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Question 8 continued

()

use rue : leg b=c —» a=b
leg I-2y = -1
5((*/-»1)‘)

use rule
3-2y . @—a -b_ 1

3-2y - 3

(YY) S \ ,,;

mu\hpN bo{h Sides by (q +‘I)

v
- 2%"_?(\, -|-1_)__ " \_/ = ~ &

expand (y+1)?*
F-2y = .ls__. (yr+2ay+1)

mulliply ‘ooth Sides by S2
Sx (F-2yl=/ 'V g2, 2 '
35'-[07 = yZa2y +1 Qs

w (Total 9 marks) 7
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Question € continued

yZT+2y+4 +10y =35 =0
yL+12y -34 =0 —» factorise !
1y*+12y -34 =0

y = -b ¥ Jb2-43ac
3

-12x [int —an)34)

2(%)

= 0% [30 o \ 2"\ )
Lo/.lzt \\7 C—J_o xrejecks

109, (6-d30 +1) is
2 /AN -ve loq of a -ve
N2 value s novr possible

N
Leave

blank
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9. (a) Show that the equation
cosf —1=4sin6 tanO
can be written in the form

5co0s*0—cosO@—4=0
€))

(b) Hence solve, for 0 < x <% —3 \N RADIANS !!

cos2x — 1 =4sin2x tan2x

giving your answers, where appropriate, to 2 decimal places.

)
(8) cosO -1 = 4SNO+an® —> +an® = sinb

7 e\ Q) (419
Cosb -1 = ﬂe'ﬁsme} RO
P T, U cose/ -
cosB«(cos® -1)= 48n2@ , cos®
cos® |

cos?p - Cos® = 4sin?6

‘Use idenrity : C Sin : 6 +cos*e '-';"
gin*® = 1- cos?2*6|

< L
€050 -c0sO = A(1-cos*e)

. co$H -cos® = 4 -4cos?o
ckd__~

5¢03%Q - ¢os® -4 = 0

(b) co82x%-1 = 4sin2x4an2x | Same
oSO 1= 45106 tanfh | Shructure

SO0 5¢oYtln-cos2 =4 =0 —» FACTORISE!

[Scos2x +4 )(cos22-1 ) = 0

Scoslx+4 =0 Ger CoS2lx -1 =0

24
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Question 9 continued

ScosLx+ 4 =0 0\ 2x £ 2[(M

wslx = -4
—

~_ ON CALCULATOA =

2% = cosy "\ -4) = 2.50
S

'note - Hure are NO oWar GM\LS_Oﬂ_jLn_m
cwrcle whain ouvr given range vhace cosS1x = g,s.
ALLOWED

R 0

N hotop

v _domawn .

B
5o Cax=2.50)
_/

@ cosdlx -4 =0

CoS2ix = 14
1T\ so:C22% =0 ) whan
n {0 o =1

1

\
N

22 = O, 2.50

x =0, 1.1

~
Leave

blank
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Question 9 continued

DO NOTWRITE INTHIS AREA.

X
5555

Q9

O
X
O
XX
>

KK,

00:; 00,?;%?%‘

RIS
\

(Total 8 marks)
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&
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10.

=V

0 P\/Q

Figure 1

Figure 1 shows a sketch of part of the curve C with equation y = f(x) where

36
f(x)=§+2x—13 x>0
Using calculus,

(a) find the range of values of x for which f(x) is increasing,

“)
’(36
(b) show that J. (—2 + 2x — 13)dx =0
2\ X
“)
The point P(2, 0) and the point Q(6, 0) lie on C.
6
Given J (ﬁ + 2x — 13)dx = -8
2 x
’(36
(c) (1) state the value ofj (— + 2x — 13)dx
6 X
°(36
(i1) find the value of the constant & such that j (— + 2x + k) dx=0
2\ X
3

(3) Whare flxn) is mr.reasm.g there is
a posifive gradient 3 {/(2) 50

* Find F'(x) of fexy @

flx) = =2 4+2%-13
z.

2

-]
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Question 10 continued
flr) = 3on"r+2% -13
v VA difterentavim

W -
£flx) = ax™ —v £0x) = nax" yule &
&M PAA_NAA_ pAA_A )T~

- =32 + 2

e multiply bolh Sideg by 232

1_3 x[ 12 3
LY z‘

223 > 32
e divide- by 2 2
223 » 32
2 2 nterval
____ where {ix)
23 36 — % 336 it increating |
~ 0
b) | ' 36
2 **

I"Lil- - 2"

nel

Leave\
blank
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Question 10 continued

T 2 2%t
A "

21‘-&\

¥ | I

N -2 4\

(+)

O+l

l2

T -

Y
- 24\

25t
Gl

'310*‘ ‘lq

O+l

s -40 -

q2 .4&[_=\¥- P-I‘i ,

—
———

= (~4+81-1173)- (-1844-20)

(=40) =0_

‘- "'3 4 36 -

N
Leave

blank
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Question 10 continued

i
Vg x?

INTe G aATe 2 (see steps w (W)

6
[-l@. +xt & Iu:.]
x 2

2 —0+30 +6k - (-1844 ;zg)

S I0+6K * |4-2%c N\ -
S A4 + 4

J/
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Question 10 continued

(Total 11 marks)

~
Leave
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TOTAL FOR PAPER IS 75 MARKS
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