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

You must make your method clear.
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2. Given that
fx)=x>—4x+5 xeR

(a) express f(x) in the form (x + a)* + 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 Q
(b) Write down
(1) the coordinates of P

(i1) the coordinates of Q
(2)

Co e b '

() : x?-b4x+S
(.x_-z)z+l

Q) The +5 in the equakion “1\ X -bex+5 s Uu 4 intesceqe

Se u=95 ,ond x=0
J

P=(0,5)

|\\ n the, QMM (x+ m) +5 PMﬂﬂ_dﬂ_n;_Mhm%_pmah_

are (- m b)

Lx-z)°‘+\ — [@- (2,
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3. The sequence u,, u,, u,,... is defined by

24
u. —k—— u =2
un

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

3k* — 58k +240 =0
(b) Find the value of k, giving a reason for your answer.

(c) Find the value of u,
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W, -2t . l'% = \-12 S

W SBE

4u3:—k——1—9—:—#.&——_;¥-;g \\’)
R-\2 R-12 s

e
Than G w, + 2w, + Wy =0 ysine, P volues we foond S
] ! - = 9 \{5}&

W+2u.+ u,=0 {

L42(-12) & - 2% =0 M\,nig\!e ofl_terms by
[
2(k-e) +2(lew) k(o) =24 =0 L kg e |

2% -1% +2k*-4N 4 288 +WP-12k -2l =0 frockon.
2%t - 958k + 240 = O

S
\)\ To find Yo, solue - 58 + 2400 by facduising, Fhe equakion
O Y (§) .

aohon P-4 fk-¢) =0 =
\m’feu\ec\9 k.- Lro R=( i

=6 becowse & must be on ‘mhe‘er £
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Question 3 continued

¢) o gott &) | 0,z V-~ ,od W= 6
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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 = o
(a) Show that a is a solution of the equation
203 —4x*+7x—2=0
“4)
The iterative formula
— l 2 4 2 2 3
xn+1_ 7( + xn - xn)
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)
o) At o hrn\w&ﬂm%cmw 0 ,s0 f(x):0
' (2)
Find, ‘ (x) F (K): Ax + 4x-4 \"[f(") - )
Lx*- 4x+5 \
(
twW:o O-)x t_4x-4 '
9x2-4x + 5 N\ Molhgly ol +ermy
by (Ix2-4x+S
reacrange o . U 4
oet required. O = ?.x(lx-4x+5) +4x -4 \
J v \ expand onk
form simplify

0]

x3—8x1+\0x + 4% - 4

\Z dWida b-:\ 1

0:2x®-4x? + 7x - 9
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Question 4 continued

-4
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5 X, = 5 (2+ 4(03)-2003)

5 /;(9_+ 0.3¢ - 0.05%)

,S X = 0. 94

=

o . 2)

then swb i x, b %gk h

o <0.3%15 o_incrense the occorecn of
E . r 2 ER\ x; Na;_.'..
= %, : 5(2+4(03335) -2(0.33%57)
£ | O To show Sk #2034 do B 30 in 0315 and 03405 inko
= 2t -4xt & Fx -k p
S 2l B inn
& o VUWJIse
‘A HG 34\5) 0.00346 T there is oo ian 03495
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In this question you should show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

9
(@)
A company made a profit of £20000 in its first year of trading, Year 1 g
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. g
According to the model, ;
-]
(a) show that the profit for Year 3 will be £23 328 é
(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 ne b
2) “posi bon
A
. n-\
m) Yeor \ profit = 20,000 O(AOVM\M 101 [T P (f S
Yeor 9 profit = 20,000 x1.08 = 21,600 /\ z
—
Teor 3 projt = 21,600 x108 23328 Ap=th \nZ\ rcommon | =
(3¢h term) em ko .
(opeg) (08) | T
=
1 A W '—1 e
Joor 3 proft i°i‘°_° <o - 2332 -
T2
l n-\ ~
b) Use Y formoon | oz a0 | o= 65,000 =
S mbol becase a, - 20,000
ove finding wwewn it \ !
‘[ hn\&wsc 000 f =1.08
65,000 < 20,0001.08 N = year (et we need o find)
3 2AS< L. 0?
log, g 3-25< n- |
5.3 < N-|
16-31 <N 1\ musk be greales Hon
16.3\, 50 inthe 3™ y_ar
we pro!p\- eeedy £65,000
Teor 1 in Jorwuin
J locoklet pd
_ o)
(,) Use the formd\cx Sn: ——v _ Nh=20,a-20,600, (=1.08

S _ 20,000 (1-1.08%)
20" }-1.08 B
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Figure 1

Figure 1 shows a sketch of triangle 4ABC.
Given that
—>
e AB=-3i—-4j-5k
—>
« BC=i+j+4k

| VAUV SIHLNI 3LM 10N 00

(a) find A_C)
(2)

9
(b) show that cos4BC = E

(€))

: =20 -3:'; -k
;\_(" S - w \ cosR = s ABC \i

<

\O)\\)LQW\ vie W an v | = 0® ¥ c® - Lo cosB \’0‘«\3\ cos&

¢ €03 B=gl+c®-\" _; :if@
. AoC 2 m:\%_% ,Ilzi-\"%- 4 - /_ A
! .'\ } E: m ‘_Gaz - ﬂ-;* b ‘ﬁg (.5*(3) +(I) ]‘L(» :;\g\f\:
2%J1% xS0 ¢ :\ag ) : [NE9L (5[50
cosf =18 &+ So - l‘f
2 % {18 x4s0
CDSB: SL" - i
éo ©
cosB = e
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7. The circle C has equation
x*+y*—10x+4y+11=0
(a) Find
(1) the coordinates of the centre of C,

(i1) the exact radius of C, giving your answer as a simplified surd.

C)
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.

)

JTo find Yo Pe equolion ialo the form
[1’0\)1 t U\\; )*=r? . Ds'this oy cowx*,\euv\% twe squoce o} both x ond y.
S T anke is (8)

x2-10x +U\l+ 4, + 1l = O
(1-5)2— 'i“% +£§+2)2—'+ +\ =0
(‘)L-S)" + (\gn)‘z -18:=0
(2-9)" + (322t < 1

centre = (5,-2)

i) We howve } ;0N adu foomd ¢*=18

(P18
r=1{Ig
r:{q{2
=302

3:3x+k " L s o '}M%A line LU teseds
b) J - L“E_(ij%_omﬁﬂ&
/ / F

// \ S0, we need o slve  n:3z+k
/] and Cx- S')zl- (3-«-2)’: 13
Y\ 62y | simultoveously o g\‘m\ the
VAN / co-ordma#es\g\; Ws ‘inkerseckion

‘-

( s)%(yz,\‘ =18

1
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DONOTWRITE IN THISAREA DONOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS AREA

Question 7 continued

Svb 3:3:.& inYo (1-5)1* (‘3*1)1 ¥ b eliminate \3

2 2
(x-5)+ (?»ul v2) 218
x?-10% +25 + Oy’ + fyR +12x + Kxlk +t =13
0x® + x (% 6k) + (k*+4k+n)=-0

x=-_\)t, ‘01- L ac \)z""l(\c {0 — no e So\\)\-\'of\s
o b"- Yoe =0 — ona  so\wion
pi-4ac 20 — o sdokons

We need Yo Gadk b>-Lac =0 , becouse a ’fmexd— m\b has | ren) solubon

bt - kac
- (24 0) - txl0x (Wt ke vit) =0
£ 36 ¢ Ll + b ~ 4o+ 4] < 0
= 36k ¥ ke £ 4 - 4OW- 160k - 44D - O
-4l =134\ — U436 =0
<At 136k v 436 0 €— npw Solve O%Oi'\ vsino, the.

guodakic formdla o ik e

W = -136 % [ 1362 ~(xxu3c)
2xlk

=-13§ £ {nsao

- B 4
k- -13£ {5 |
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8. 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

9
(@)
N=A4ek >0 2
g
where A4 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 E
+ it took exactly 5 hours from the start of the study for this population to double é
(a) find a complete equation for the model. E
“4) >
(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 )
o
where £ has the value found in part (a) and ¢ is the time in hours from the start of the study. g
ac
Given that 7 hours after the start of the study, the number of bacteria in the two different =
populations was the same, g
m
(c) find the value of T. 2
3) T
v
N RE - - — - — >
N=Ae z
P P W NN i 5 DN S L~ a4 s L I3
when £=0 (bhe shuck of e shi) | A=N L
A=1000 | 9 1
when £=5, N = 2000 (becowse Yo popolakion has dodded) |
=)
Q
Sk 2
2000 - 1009 e sole b {ind k , 9
s (k,
= sk ¢ s
L:e ) W02 =lne Ine’ - f(® 3
Sk = Ink B
k=M% now pyk h%d'\w b ack e o eapoion ;
(s\n2)t %
N = 1000 e i
.- ]

22
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Question 8 continued

b) Yo find the roke of incrense  difjerenbate N tivn cespech b €

%in * I >
9\&'% - %\n2. » 1000 e(’S L — b oF . W)em

(%\nZ)t

:200In2e
sub in £=8 1o fnd the coke o) inueate 8 hwe after Mo shok
o\— e S\'\)&S

5
ee:s . a0mae (rsn2) %
: 490,244
: 420 h 23\-

c) \} We nuwher o} bactena in e {irs\' popilabion = second popdlobion, M =N
(s\n2) T e T

The. nomber o} Wachein o0 """ - s00e Yk ’5\"2\ >
ok Hu lqk._—
l;al-v‘;;sm * o 1000 (%sin2)T So0a Gssm)T
IS eqmal |V\ ot SO\VC b {WAT
popvlations 2 M) T (/sh,l)T/
e s
(/ lnl) _c_’.‘ Ce ™
(/s|n2)T a 33
1 . e("/,;\n?. )g\“z) T
(%n2)T boke the nabwal lo 4 both sides
L = G{S / Ibsd' il o} e.
L) T
n2 = 1In e,(/s ") ()
‘)/ Ine = Hl)
"\ 9\ :(1{5“\9\)“-
T = 25In2
2 In2
T-2
2

T=12.5 hours
23
— UV DR 00 0 O A urn over
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oy = 0% 385 +9 L2 ]
X)= XF——- X*+ <
(5x +2)"(1 - 2x) 5 2

Given that f(x) can be expressed in the form
A B C
+ =+
S5x+2 (5x+2) 1-2x

where A, B and C are constants

(a) (1) find the value of B and the value of C

o
o
=
()
=]
=
=
|
m
2
-]
=
w
=
=)
1

(ii) show that 4 = 0
4)

(b) (1) Use binomial expansions to show that, in ascending powers of x
fxy=p+gx+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

o) [fx)= DOx*+ 38x + A = A ' e
)ﬂ) (Suz)"(\- 'Z,x-) Sx+2 *_(5’“’7-)1 - | - 2x

mlhpls all ferms \,.3 (Sx+2)'(\-22)
S0x?+3%x +9 z A(Sl* lX\"lﬁ) + B(I-Zx) + C(S"- ‘.2)2

solve }or A B ond C bt‘s svbbnuj in duH—del\l' valves of— x

@x: % (,2) 4.38(}5_)4.‘1 = [/1X0) +G(0) + C ("’/2)

(1-2¢) - 0 -%C
S0 Aond. &

. C
gfﬁ"{"‘a’}f‘& s0(-2 %) +38(%) + 9 - A(o)(%) +8(%) + c(O
(§x+2) : 0 Vs - ¥se
B:1

now we lenow (=2 evd 8=\ Loe com SUb in w\qu\ue o%rx.b ime\A
@x=0  50(0)"+ %[o) +1 A()(')+ (1) + 22

q -2/ «9

2A=0 [A-D

R KR ORI mm
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Question 9 continued

2

b) 3}(1\-@‘7)? Yol
flx) < Gxr2)” +2(1-22)""

F‘“\' expond. LS“—""') vse Formu\m fpv binomip)

7 ( ;1) -2 e ponsion i formulo boole pS
| +
=/ (1+ ?1)
now expond. (l+§’z’-) [-2)- )2
e&p (W #3x)" %= | + [-2)(5@) 4 2),5.3)(5’)

: \ - SDL +?$/‘rx_

(5**?—)-2-"/%(“21)-2 : /q(l Sx+ Bx’ )
= Vg =% x ¢ Lx
fhen upomk 2(] —’)..x_)-‘

- (- -th

(l").x)-|:l\-(l)(2)+ )(7-2)‘( :
=l + 2% +l(-:x.

802(\"21) L+ bkx + 9x?

add (5x72)" ana 2(1-2)" b ook the Final binowiol exponsion

[x)-"/'-t“s/tnt* oxly 2 e ritx’ wa
TON
flg)= Y« x + 3200 In Sormola bodklek - 1x1 < |

I/le< | /

i) x| < %5

27
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10. In this question you should show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

9
(@)
(a) Given that 1 + cos26+ sin26 # 0 prove that %
, =
1—cos29+s%n20 — tand :so
1 + cos26 + sin26 5
m
) =
(b) Hence solve, for 0 < x < 180° g
n
1—cos4x+s?n4x — 3gin2x E
1+ cos4x + sin4x =
giving your answers to one decimal place where appropriate.
“4)
(1) To %si a0 . we wot the, numerator Yo be. sinf and the. derominator
Yo cos @ g
o
S
g’rsl,%nd\olkkrms n \eems o} @, not 26 ;
Q - =
| ey = ) —f
| Sin28 = 2sind cx B = T
0526 =@ B-sn G ton 0 X =
1 ] 2 | ¢ cos20 & SwlB He =
: 20816 - Vie the Yool 3
: - 25nt@ I _.“_9_55,"&) + Lsindcas O / o} s 26 hid &
ce e T 2L A i S tontins siod >
+ , ({ l) + LsinB cos N (m which m
_2sin'B + 2sinBcsB conbains oSG
= 2 .
_ now foclonse /7 .03 0 + LsinOcs B
TV mw‘d‘quwmk': 2sinB(sin® + cos®
os Hwis *::o;\& sipliy ko ?-COSB ((.03& + Sin@ :
. 2sin® ls\mp\uh 3
2050 &
. . 2
$inb - ko = §ind o
cos 6 cosd® <
2
: tm@ a
Z
T
b)“—9=7-1, bhe two equabions ose the same @
2
X
M
tand = 3sin2x >

if 6:2¢  ton2x < 3sin2x

30
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Question 10 continued

Wrike e in lew

Sin2x = 3sin2x coslx

sn2x - 3sin2xos2x =0 Z! fore K S$023 insJend

Sinlx ( | - 'Scos?,r.) :0

DO NOTWRITEINTHISAREA ===

smlx =0 ] -~ Beos2x = O
SOM /3 = coslx /is o<x@lw,\aa§f

0 . . .
9= 70.53" 289.5 il v ues ness do

I prd 2,
%o: s o?x 4 ls.'i so x =363" ' ley.3s  diwde E‘Z;
Aolélinn- . /-

o T 0 A
s3] / 28 340

x=35.3 90, 1447

ﬁ
=
=
=z
g /
°%
<
&
S
9
S
e
o0 T
g ‘l':\\
SO
-
g 2 X
s @ 0o
o o
R

£ AN J
31
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11.

=V

Figure 2

Figure 2 shows a sketch of part of the curve with equation
y=(nx)° 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

v 0.4805 0.8396 1.2069 1.5694 1.9218
[\

(a) Use the trapezium rule, \:gth all the values of y in the table, to obtain an estfmate 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(ln2)’ + b2 +c
where a, b and c are integers to be found.
(3)
Yhe cole\e sob v Y yalues

V3NV SIHLNI LM ION OG-

: . : LI' 2 ond b ore the limih
FBLF’M‘A. h W
.
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DONOTWRITE INTHISAREA DONOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS AREA

Question 11 continued

Now Svbin the fesk of the valves ouen

A= '/zx "2(0. A30S + 1.A1\8 + 2.(0.?3‘14 + 12060 +1.549 'f))

= V4 (2.4013 + 2(3.6159))
¢ 2.408525
A :-2. 4| (gsl-)

2 o . .
[ s st g aghe b el o v
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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, H metres, of the ball above the ground has been plotted against the 8
horizontal distance travelled, x metres, measured from where the ball was hit. g
The ball is modelled as a particle travelling in a vertical plane above horizontal ground. g
=
Given that the ball ﬁ
* 1is hit from a point on the top of a platform of vertical height 3 m above the ground E
» reaches its maximum vertical height after travelling a horizontal distance of 90m é
* isat a vertical height of 27m above the ground after travelling a horizontal ;
distance of 120m A
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, 8
(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. his
Give one other limitation of this model. i
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Question 12 continued
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Question 12 continued
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13. A curve C has parametric equations
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where A is a constant to be found.
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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.
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