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f(x)=ax®*+ 10x> — 3ax — 4
Given that (x — 1) is a factor of f(x), find the value of the constant a.

You must make your method clear.
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Question 1 continued

(Total for Question 1 is 3 marks)
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2. Given that
f(x)=x>—4x+5 xeR

(a) express f(x) in the form (x + @)* + b where a and b are integers to be found.
(2)
The curve with equation y = f(x)
* meets the y-axis at the point P

* has a minimum turning point at the point O
(b) Write down
(1) the coordinates of P

(i1) the coordinates of QO
(2)

a) f(z)
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3. The sequence u,, u,, u,,... is defined by

where £ is an integer.
Given that u, +2u, +u, =0
(a) show that

3k*— 58k +240=0

3)
(b) Find the value of £, giving a reason for your answer.
(2)
(c) Find the value of u,
(1)
oq,/} (./(Z = k - —zzt'
= k —)2
U, = k — 2%
K —-\Z
U +2U, + U, =0
24+ 2(l—12) tk -— 2% = o
k. —1 2
Z + 2 —534 +k -~ 24 = o
le =2
~4
SRk — 22 = >
(Bw —22)(w=-12) = 24
?k?'—?ebc—‘z,?_.\c-;-'z,éq = 24
3k * — 58k T 240 = O
J
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Question 3 continued

b/ 3k* =S58k + 240 =0
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4. The curve with equation y = f(x) where
f(x)=x*+1In(2x*> —4x +5)
has a single turning point at x = «
(a) Show that a is a solution of the equation

2x*—4x*+7x—2=0
C))

The iterative formula

1
xn+1 - ;

(2+4x?—2x7)
is used to find an approximate value for a.

Starting with x = 0.3

(b) calculate, giving each answer to 4 decimal places,

(i) the value of x,

(ii) the value of x,

3)
Using a suitable interval and a suitable function that should be stated,

(c) show that a is 0.341 to 3 decimal places.
(2)

0/ ﬂ"\'.v ?o‘nﬂf' )¢ il ere -F'(I) =0
7£[1) = x* 4 lﬂ-LZ'x.L —4x T 5)

'c'("'-) = ZJL -+ Lf—x' — Y4
2> -4x+5

2‘1"' ¢ -4 - O
2:1"L1'JL+§

Z—x.(Z‘x?'—([-x —rs) TGy - = O

l/—:r,x— ¥x® + Jo + Gx —4 =o0

3
Lf-x "gxl‘rﬂ/—:& — ¢ =0
2> — 7’3(.7' T 7. — 2 = O
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Question 4 continued

. |
L/ An+r = ‘7_(2- 'f'Lf:T_h_ "2.1_:
_ + 2 2 —L( 31)
z, = (2+¢%(032) 0. %)
= 0-3294
i/ Xy = 0.3375
T, = 0.339¢
c/ X = 0-34/
Uppts lbound = 0.24¢,S Jower bownd = 0. 24058

22 — 4x* + Tx —2 =0
2(0_3‘”5)-3' 9(0.35«/@"1— 7(0.;9,5) — 2 = g.((xlo_j
-3
2,(0-3905)3—9(0.25»05')11-7[,5.3«,05') — 2 =-l31=~10

C,L_a-n._‘jc, o}— g:'jru (omal- )[,{xj ) § o Contjnuensg
Funlbinn) T 2 0. 24) (24p)
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In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
A company made a profit of £20000 in its first year of trading, Year 1

A model for future trading predicts that the yearly profit will increase by 8% each year,
so that the yearly profits will form a geometric sequence.

According to the model,

(a) show that the profit for Year 3 will be £23 328

(1)
(b) find the first year when the yearly profit will exceed £65 000
3
(c) find the total profit for the first 20 years of trading, giving your answer to the
nearest £1000
(2)
A/ r= ). 0¢
Un = ar™""
U; = 20000 x 108°
= 23328
l/ 20000 (/.08)"—’ > 45000
/. o™ > /2
&
(2
NnN-/) = éaj/.af t )
n-y; = )§ %
'/{ ar |7
e/ Sa = ﬂ(/'f’h) A= 20000
| —r r= /.o 4
n = 20
12
NN 00
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Question 5 continued
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A
Figure 1
Figure 1 shows a sketch of triangle ABC.
Given that
%
* AB=-3i—4j-5k
%
s BC=i+j+4k
%
(a) find AC
(2)
(b) show that cosABC = %
3)
— — —>
a/ AL = AR T pcC
-3 )
= (—‘f‘) T ( l)
-2
- (33)
—1
= -2t -3, "k
L/ c * ]143(=/3L+Lr1+§L
0\\/" ?ﬁ'
iy
D>AB = 507
A s> z
[« — L 2
“ L (S }BL} - JI v T LI"
C,D\SA' = L +C —_— CA
2bc = 32
T
= () +(s62) —L@l /A—C,/ = /2% F3* + |
2(20=)(s=)
q = Vir
cos ABC = To

—_—
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. The circle C has equation
x> +y*—10x+4y+11=0
(a) Find
(1) the coordinates of the centre of C,

(11) the exact radius of C, giving your answer as a simplified surd.

The line / has equation y = 3x + k£ where £ is a constant.
Given that / is a tangent to C,

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

a./ zz+‘jl—/01_-}—q-j + )| = 0O
:y,z-—lox_ .,-jl-rl-}—‘j + /1 = 0
(1—5)1’25 +(,‘j +7_)1 -4 +1/) = O

(x—s) "'(tj +2-)1 = /g

Inter section o} j —Tx thk oAad (x_-—S)-L-r-(:j-rL)l =g

s )] sel oo
(x-5)" ¢ (1w rm)" = 1a
(= —s)* +(z= rie *2)(Zx vz +2) = R

18
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Question 7 continued

x? - 5% -Sx +2§ * Tt + 3kx + b= + hex +lel t2h+...

—
—_—

)Ox? + 2% +Cbex + k- + 4k 4+ 2.9 = ¢
103 *% s =

LL"L/'a_(_ = O

DONOTWRITEINTHISAREA S

(2 re)™ = 4 (eo)( k" ~ax v ) =0

G4 + 12k 172k 1‘-34,1(1 - 9—0)(7' —/40k — 440 = O

2

—4k” — )3k — ¢3¢ = o

k* 4 34k + 109 = 0

K= —17+LJT K=-17-6§S
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A scientist is studying the growth of two different populations of bacteria.
The number of bacteria, N, in the first population is modelled by the equation
N=A4e" >0
where 4 and k are positive constants and ¢ is the time in hours from the start of the study.

Given that
+ there were 1000 bacteria in this population at the start of the study
» it took exactly 5 hours from the start of the study for this population to double

(a) find a complete equation for the model.

(C))

(b) Hence find the rate of increase in the number of bacteria in this population exactly
8 hours from the start of the study. Give your answer to 2 significant figures.

(2)
The number of bacteria, M, in the second population is modelled by the equation
M=500e'* >0
where £ has the value found in part (a) and 7 is the time in hours from the start of the study.

Given that T hours after the start of the study, the number of bacteria in the two different
populations was the same,

(c) find the value of T.

3)
o/ N = Ae"
whea t =0 N = 1000 A- = looo0
N = Joopo e "
whea & =5 NN = 2ooo
2- 000 = )Jo oo C,SK
Sk
2 = €
|2 = Sk
=2 =k
(.g'_—ln.'LBt
N=1000p
22
NV O
P 6 8 7 3 1 A0 2 2 5 2
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Question 8 continued

I /"_I'\.L)l?
L/ ANV = (/5-/.. z)(;aoof, )

At
Ll 2) E
= (ZOD | n L) f/(s-

L) (@)
whea t =1 d;l/\é = (200 1n 1) =
= 9'20
i z,)l:‘ .4 L"'l’—)e
C/ N= 1000 e,(s M = 500e (s
00 &F T 2 o e (4R
(1A )T Ly =1a )1
2 e
/_q_(—'s-lftL)T
2 = € _
f_k‘fs—\n-l—\'r
0 '-r("s'l"")T
2 = C
In 2 = ac,»(—’j_—lnL)T’
In 2 = F a2 T
2- J—
T
T = 22 = 2.5 leowrs

23
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50x2 +38x +9 L2 ]
XF——- X*+ <
(5x +2)"(1-2x) 5 2

f(x) =

Given that f(x) can be expressed in the form

A B C
+ =+
5x+2 (5x+2) 1-2x
where 4, B and C are constants
(a) (1) find the value of B and the value of C

(i1) show that 4 =0
“4)

(b) (1) Use binomial expansions to show that, in ascending powers of x
fx)y=p+qgx+rx*+...
where p, ¢ and r are simplified fractions to be found.
(1) Find the range of values of x for which this expansion is valid.

(7

ysox'+ 38= * 7 A 8 . <

(§z+2)°(1-2x) Sx+z  S=r2)"  1-2x

—

50" £ 38x + 7 = Afsxen)( 1-2a) T B(1-2x) + ([ Cxr2)

Ld.x:'%_— /Z-—=B(%—-)
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10.

Solutions relying entirely on calculator technology are not acceptable.

(a) Given that 1 + cos26+ sin260 # 0 prove that

1 — cos26 + sin26
1+ cos20 + sin26

= tand

(b) Hence solve, for 0 < x < 180°

1—cos4x + sin4dx
1+ cos4x + sinédx

= 3sin2x

giving your answers to one decimal place where appropriate.

CoS 26 = Ca.rlé — s,n'y —
S;n 26 = 2cos b1 nb

N~

In this question you should show all stages of your working.

o / - ZS;nLé

—_ (’ —_— Zs,'.qlé) -+ Zc_o_ra .!‘l-/gé

! + | — 2s5;A'8 t Zocosb sin b

2-5':.419- ‘7"'2@_;5- I;/Lé
(Z — 2.:.'/:1&) 4+ Zcosh siab

ZS"-"-é(S‘J'Aé —+ corx é)
ZCOSZQ' + Z cosb ri B

7 s;ab ( Sl + c.sé«)
Zu_\é ( cos & + s é)

sinb (sinb+c6)

(o 6‘ ( f:'/lé- 6‘)
S, 26 = ton &
Cos G —

.b/ 8= 1z

fam 2x = S sin Lo
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Question 10 continued
sia 2x = % sin 2x
cor 22
Sralx T S Sin 2z cos Lo
o = Ssalx cos Ly - Sin 2x
o = s‘,'/zZa.(gcosz.x. - I\,
Sivnlx = 0O oS 2x = '_g“
Zx. =0,180 340 2=z = 705 , 281.§
x =0, 90, /80 = = 353, /4¢4.7°
X — X _
z = 383° 90°, 1944 .7°
i L J
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11.

=V

0 2 4

Figure 2

Figure 2 shows a sketch of part of the curve with equation
y= (lnx)2 x>0

The finite region R, shown shaded in Figure 2, is bounded by the curve, the line with
equation x = 2, the x-axis and the line with equation x = 4

The table below shows corresponding values of x and y, with the values of y given to 4
decimal places.

X 2 2.5 3 3.5 4
b 0.4805 0.8396 1.2069 1.5694 1.9218

(a) Use the trapezium rule, with all the values of y in the table, to obtain an estimate for
the area of R, giving your answer to 3 significant figures.

3)
(b) Use algebraic integration to find the exact area of R, giving your answer in the form
y=a(In2)’+bln2 +c
where a, b and c are integers to be found.
6))

@/ 0'5(% +0.8376 +[.2069 + ).56%% t+ /. 72_/1)
- 2.

= 2.2)]

f 2
Z fz (/n z) dz

34
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Question 11 continued

|

u%‘icﬂx = wv - fvj; dx
z
w=(ln2) :LT:T =)
%:_7_(/-&1)(”") v = X
J\y(/n-z_) = [x(/ni)z—fx(Z(hz_)(L)\ dx]‘f
2 x )|
o
:[‘z.(/n:r_) —jllv»x— c/z,]L
W= ) x _-3:_{:; >
%f:/,’; v = 2%

= (q(:w}L ~8[n¢ rs) ~ (L(lnl)’-—li—lnl—r"(’>
= U (Jn2") - 812" +2- 2(1n2) + Ylaz — ¢

L (S
p(21n2) —)1ln2—2(n2) r4)a 2 Tt &

q(ZL)Qaz) = 2 (I 2) = Jlia 2 + &
2 2
= lMflar) ~—2(1a2)" - ILIaL t &

3 /Lf(la,L)'L — (21l T 4
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12.

[98)

=V

Figure 3

Figure 3 is a graph of the trajectory of a golf ball after the ball has been hit until it first
hits the ground.

The vertical height, 4 metres, of the ball above the ground has been plotted against the
horizontal distance travelled, x metres, measured from where the ball was hit.

The ball is modelled as a particle travelling in a vertical plane above horizontal ground.

Given that the ball

* is hit from a point on the top of a platform of vertical height 3 m above the ground
» reaches its maximum vertical height after travelling a horizontal distance of 90 m

* isat a vertical height of 27m above the ground after travelling a horizontal
distance of 120m

Given also that H is modelled as a quadratic function in x

(a) find H in terms of x

)
(b) Hence find, according to the model,
(1) the maximum vertical height of the ball above the ground,
(i) the horizontal distance travelled by the ball, from when it was hit to when it first
hits the ground, giving your answer to the nearest metre.
3)
(c) The possible effects of wind or air resistance are two limitations of the model.
Give one other limitation of this model.
1)

o/ H=alz+rb)" +
(0, 2)  Mix whe 2790 ()20, 27)
Y x H

R KR 0 0 mm
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Question 12 continued

H = a{x—7o)7’ + C

(0,3 3= a(—170)" rc
3 = 81004 +C 0,
()20/27) 7 = ar_(/),o—7a)2 r C

27 = 90%a *+C @

O’@ ’_2%:7100m

300
//‘
2o -
3 /O[ oo + C
3 = - 27 TtC
C = 2o

W w o= -—-_—'—(:c_z—\soT_—rsaLoo) + 20
Soo
= _ l x":. + 2 + 3
X~ S *
when H=0 L= )85 m - -5
X

e/ T’qe Ea/[ Js net o f.,.,_-l-ic.lc
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13. A curve C has parametric equations

?+5 4t (R
= = (S
T I
Show that all points on C satisfy
(x—3) +)2=4
(3)
1 _ 2
a:f;l: +') = t +5
[N el
Ex + =t t+ 5
X 2
t -k = §-2x
t (> -1) = § - =
AR
= =/
L
- T
J N x -y )
o>+
S - |
\
S ox 3
4= 4 )
> -1
S - + 2 -1
= - | |
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= ¢ (==)
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T~ e - | / "_:——
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14. Given that

show that

where A is a constant to be found.

C))

\
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< - [ ~© _

= (272°) = (5= ") (x-%)
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15. (i) Use proof by exhaustion to show that for n € N, n < 4

(n+1)y >3"

2
(i1) Given that m® + 5 is odd, use proof by contradiction to show, using algebra, that m
1s even.
“4)
Ky 1
i) when m=) (t+1) = 3
¥ >3 7
wher =z 2 (L+|J1>?
27 27
3
when a=3 (3+1)° >3
¢ > 27 <
3 t
whea a=y (v +1) > 3
(25 > %) 7
3
when n €N a.d nws g Lnrl) > 3
2
ta/ m +S5 1S oodd M 1 _ve
A’SIUMC. [V V% '_j odﬂL n ‘}Z/l—'-/

(22+1) 8
(2n+1)(La+1) (1 +1) T &
(4n*14at1)(24+1) t§
8’ # Yut + 0l pln 2| + S
§n® + )2at +ba 1 £
2(Yn* 1 bar13n r3)

whenw wm s oo d (Mg -PS) ' evew
" Ia[ M-S + § is add Flee_wn a1 pens L-e et A
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Question 15 continued
(Total for Question 15 is 6 marks)
TOTAL FOR PAPER IS 100 MARKS
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