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( You must have: Total Marks
Mathematical Formulae and Statistical Tables (Green), calculator
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Candidates may use any calculator allowed by the regulations of the
Joint Council for Qualifications. Calculators must not have the facility for
symbolic algebra manipulation, differentiation and integration, or have
retrievable mathematical formulae stored in them.

Instructions

Use black ink or ball-point pen.

If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

Fill in the boxes at the top of this page with your name,

centre number and candidate number.

Answer all questions and ensure that your answers to parts of questions are
clearly labelled.

Answer the questions in the spaces provided

— there may be more space than you need.

You should show sufficient working to make your methods clear.

Answers without working may not gain full credit.

Inexact answers should be given to three significant figures unless otherwise stated.

Information

A booklet 'Mathematical Formulae and Statistical Tables' is provided.

There are 14 questions in this question paper. The total mark for this paper is 100.
The marks for each question are shown in brackets

— use this as a guide as to how much time to spend on each question.

Advice

Read each question carefully before you start to answer it.
Try to answer every question.
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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) =2x’ — 3ax’ + bx + 8a
where a and b are constants.
Given that (x — 4) is a factor of f(x), -{»\ ( bf’) =0
(a) use the factor theorem to show that
10a=32+b
(2)
Given also that (x — 2) is a factor of f(x), «ID ( l) =9
(b) express f(x) in the form
fx)=2x+th(x—4)(x-2)
where £ is a constant to be found.
“4)
(c) Hence,
(1) state the number of real roots of the equation f(x) =0
(i) write down the largest root of the equation f (% xJZ 0
(2)

of flq)=0
;w)j- 3al4)” + bly) t Ba = 0

)29 — 48 + 4b t Foo = O
oY — 40a + 4b = O
32 — )]0 +p = O

32+ b = 10e
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Question 2 continued

2(2) -3a(2)" t bl2) T %o

—

— O
6 — 2o + 2b + 3a = O
J6 — e + 2 = O
¥ "~ Aa + b =oO
b = 2a -3
3% 4+b =10a
b — [ODa - 3 72
| Oa — 32 = 2a - %
oo = 2¢
a = 3
b= 2(3) — 3
= -2
P = 22— 3a2® + bx t e
Fre)y= 2x

2x t 3
" -6x + 3 /%1311941*}1 + 24
2_},3 — /2t —f/é)é

3x*t ~18x + 24
It - /18 4'2&;

Flr)= (= —z;l__(jcﬁ:OdCZx 13)
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 8 marks)
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. Relative to a fixed origin O,

* point P has position vector 9i — 8]

* point Q has position vector 3i — 5j

(a) Find PO

Given that R is the point such that Q_)R =9i + 18]

(b) show that angle POR = 90°

—> —>
Given also that S is the point such that PS = 3QR

(c) find the exact area of PORS

(b fee s 90° a’ Fb =t
pr= {6 3" = (4v
ar ={77 18- = (%os
P = (et~ (yso

P 7 4 0 8 7 A 0 8 4 4

2)
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Question 3 continued

¢S + 40S = 450 . PGR T D
O
lrapeziam
oS
(S W <
(;(5
f 3\SL\,OS S

Areo = }ZU—@S “3\]\4—05) x (ys

= 2{¢os x Jys
= 170

——

(Total for Question 3 is 8 marks)
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A (x—2)cm D C
Figure 1

Figure 1 shows a sketch of triangle ABD and triangle BCD
Given that

*  ADC'is a straight line

* BD=(x+3)cm

e BC=xcm

* angle BDC = 30°

* angle BCD = 140°

(a) show that x = 10.5 correct to 3 significant figures.

Given also that AD = (x —2)cm

(b) find the length of 4B, giving your answer to 3 significant figures.

x+3 = — Sin 30 T =~
Sin 140 I 30
L(xt3) = 2 sinl40
| ~ |
77.« T /% A S/n J4 D
2 = 2 ga g0 - L
3{ = X (s iy - /f)

P 7 4 0 8 7 A 0 1 0 4 4
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Question 4 continued

+ = l. >
- . {
sin(ilgo) — =
= 10.5 cm ng}-\
- N /
1
by a*=b T (* - 2be  (os A

a? =35t T 85"~ 2(135)(8.5) cos (150)

i\

453,47

a = 2.3 em”®  (3sh)
—

SR (Total for Question 4 is 5 marks)
| )
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5. The curve C| has equation

6
y=—+ 3
X
(a) (i) Sketch C,| stating the coordinates of any points where the curve cuts the
coordinate axes.
(ii) State the equations of any asymptotes to the curve C,
3)
The curve C, has equation
y=3x"—4x—10
(b) Show that C, and C, intersect when
3 —4x’ — 13x - 6=0
(2)

: . . . .2
Given that the x coordinate of one of the points of intersection is -3

(c) use algebra to find the x coordinates of the other points of intersection between
C,and C,

(Solutions relying on calculator technology are not acceptable.)
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Question 5 continued

i/ ga’: and =0

X
Iater section  where
- T
b+ 3 = Sa* -4Ya —lo
L
_ 3 2
b T 3x = 3x" - 4x* - Jjox
o T Sx’-Y¥xt -;3x — ¢
x = /i (’334. ‘(“l) ' S o -Pa»c.%o(‘

x> +2x*
—ox*— 13
*é.;cl"*l'—x
—9x — b
-9 — €
O

(3oc+2)(x* - 2 - 2)

(3x+2)(x-3)(x+1)

7,:/}3_ X = 3 x = - |
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 9 marks)
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-
6. The binomial expansion of
(1+ax)”
up to and including the term in x” is

l—l—sx-i-loc2
2

where ¢ and k are constants.

(a) Show that a = —g
(2)

(b) Hence find the value of £
(2)

Using the expansion and making your method clear,

_ 17" .
(c) find an estimate for the value of [Ej , giving your answer to 4 decimal places.

(2)

1 2 PR LI

o) (1) "+ z(n) lax) 4 66(\)\0(\0\1.)7'

/ N 7/

j + 2ax + b6atat

|2 = — 12

b/ k= bba”

C// L

’ R0 0 T
ELEOm
P 7 4 0 8 7 A 0 1 6 4 4



Z.007%

Qr)LPqu; O N

V&

|
/
.
(Total for Question 6 is 6 marks)
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log,, P

(0, 3.3)

\g, 2.1)

@)
«V

Figure 2

A chimney emits smoke particles.

On a particular day, the concentration of smoke particles in the air emitted by this

chimney, P parts per million, is measured at various distances, x km, from the chimney.

Figure 2 shows a sketch of the linear relationship between log P and x that is used to
model this situation.

The line passes through the point (0, 3.3) and the point (6, 2.1)
1, 9 11 M

(a) Find a complete equation for the model in the form
P=ab"

where a and b are constants. Give the value of ¢ and the value of b each to
4 significant figures.

“4)
(b) With reference to the model, interpret the value of ab
(1)
2.1 = 33
3 = mMmXx + C m = C
(ogmf’: Mmx 1t 3.3 = '—_é-
LijloP = —}51 + 3.3
-Lx +3.3
p = 107~
A3
— /D'S.S ) (/ 0 3
VA 0 R a=m
P 7 4 0 8 7 A 0 1 8 4 4
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8.
Ya
C
R
B
A
>
1) X
[
Figure 3
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Figure 3 shows a sketch of the curve C with equation
y=x—14x+23
The line / 1s the tangent to C at the point 4, also shown in Figure 3.
: . dy _ _
Given that / has equation y = —2x + 7 a—f: < -2

(a) show, using calculus, that the x coordinate of 4 is 2

3)
The line / cuts C again at the point B.
(b) Verify that the x coordinate of B is —4

(2)
The finite region, R, shown shaded in Figure 3, is bounded by C and /.
Using algebraic integration,
(c) show that the area of R is 108

(S)

a A9 = 32" -1y

dx

by
!
\
)
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Question 8 continued

It -1y = - 2
3% = A
x° T4
x = 21

the X caofo(/nou‘e of /4— i 2 .

b/ jntersection winere
2,1//9»1 y 23 = =22 + 7
xbﬂ/Z,t t /4 = 0
(,HB “12(-¢) r 16 = 0 e
2
¢/ ;
J l’/‘+701’23"('59(,1-7) ok
e
2

X —12x t 16 dx

21
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 10 marks)
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) X

(
9. p =log, 16
g =log 25
where a is a constant.
Find in terms of p and/or ¢,
(a) log, 256
(1)
(b) log, 100
(2)
(c) log, 80 xlog 3.2
(2)
o /6 = 156
(og o b t log. [§ = Uja"(sé
p ot p = logu 25¢
2"? = (ﬂQm 2'54
—_— J o
Ja//
log, 16 = p
2" = /¢
(@) = ¢
\
{ /
(R ba.t = < °
J
(,(M. t t ['"la L5 = (oq o 100
v J Jd
ARASR PR
of +p=logay 59 = log, ¢
\| u (A | 4 \/
L
24
NV 0 0 000 RO nrm
P 7 4 0 8 7 A 0 2 4 4 4




Question 9 continued

bg, S T logq. [6
7
g, 16 — log., S

| \l

(oq., 80
J
. 3.1

ok

=\

v

(Lq +o)[p-44q)

1

|
P
—’V

t L

(Total for Question 9 is 5 marks)
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10.

YA

[

0 A\

Figure 4

=<V

Figure 4 shows a sketch of the circle C
» the point P (-1, k + 8) is the centre of C
Y,
+ the point O (3, k* — 2k) lies on C
1 I

* ks a positive constant

+ the line / is the tangent to C at O

&A}Q/\" °V fao\}u\.s = /I-
Given that the gradient of / is —2 ﬁf l

(a) show that
k*=3k—10=0
4

(b) Hence find an equation for C
“4)

o kt-2k = (KT 8)
2 3 - - |

<

| - k - Aw. — %
2 Y4

2 = w' - 3w - 3%
o = Wkt - 3w — 10

~— —

26
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Question 10 continued
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11. The prices of two precious metals are being monitored.

The price per gram of metal 4, £V, is modelled by the equation
Vv, =100 +20e"*

where ¢ is the number of months after monitoring began.

The price per gram of metal B, £V, is modelled by the equation

V.= pe ™

B
where p is a positive constant and ¢ is the number of months after monitoring began.
Given that V, =2V whent=0

(a) find the value of p

(2)
When ¢ = T, the rate of increase in the price per gram of metal 4 was equal to the rate
of decrease in the price per gram of metal B
(b) Find the value of 7, giving your answer to one decimal place.
(Solutions based entirely on calculator technology are not acceptable.)
“4)
a)  when £=o v, = (20
Vg = 2 46
240 = p
b/ d/f,q it j;' Q 0.0t ‘
dt >
—@.0 1 E
Ve = -~ ¢
At S)
- AVpy - — 4Va
whew €= 7T a/t/n - <
_ 7 = 2¢ —0.027
fe T T
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12.

«y»>

«—=—>

Figure 5

Figure 5 shows the plan view of the design for a swimming pool.

The pool is modelled as a quarter of a circle joined to two equal sized rectangles
as shown.

Given that

 the quarter circle has radius x metres

+ the rectangles each have length x metres and width y metres
« the total surface area of the swimming pool is 100 m’

(a) show that, according to the model, the perimeter P metres of the swimming pool is

given by
P=2x+ 200
X
3
(b) Use calculus to find the value of x for which P has a stationary value.
“4)
(c) Prove, by further calculus, that this value of x gives a minimum value for P
(2)
Access to the pool is by side 4B shown in Figure 5.
Given that AB must be at least one metre,
(d) determine, according to the model, whether the swimming pool with the minimum
perimeter would be suitable.
(2)

/ T

(oo = lzy T LT

p = 2= +‘f‘j t ‘7(277—7&>

R0 0 0 O acom
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joo — Lyt = 224
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gy = [°° _— ‘-
J 2 8
P = 2x + 422 - Lra) v 22
e L S / T
= )n + 200 —_tmax + Lz
- - 2 2
X
F = 2x + 222
X~
b/ 7= 2x + 2002
Af = 2 — 200 PO
7z
5“}’41”; 0NAarv valvt-c w~ N % =0
< Jx
2 — 200 =0
z?—
2, ° — 200 = 0
221 Z 2oo
x - /oo
2 = /D
J
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13. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that the equation
sin@(7sinf —4cosf) =4
can be written as

3tan’f —4tan6 -4 =0

“4)
(b) Hence solve, for 0 < x < 360°
sinx(7sinx —4cosx) =4
giving your answers to one decimal place.
“4)
(c) Hence find the smallest solution of the equation
sin4o(7sin4a —4cos4a) =4
in the range 720° < a < 1080°, giving your answer to one decimal place.
1)

Y 7 st o -¢7LW@;;¢9 =

SNt w' b=
b sint FlYw'o 2y

7 sintb —Yastsmd =F siate 1Y wsth
3 sntt - Yy sinb - Y cos & = o

3sinb = Yogbsab — Gt oo

Cos* b cos -8 )
3 tanth — % Ean b — ¢ - 0
lg/ 3 ben 2 — Lf tan o — o = o

(3 tan ’.Lﬂ"Z_)((funx—-Z)i?D

R0 00 0 A acom
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Question 13 continued

—

fan 2 = 1

G

tan 2 =

2 = -33%5.7, )4y ) A = 65 243,
/ (7 7 — — _

634 , 1163, 243y, 3263

r,/} o = 654, 1443, 2434, 3203

v = 159" ,366°, 73859
735.9°

—_—
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14. Prove, using algebra, that

n’ +5n
iseven forallne N
)

IF A s even n=12m

I\lm/)1 T S(2Zm)

ot tlom = o(2mlrSal - e
 F A 1s eod d AT lm+ ]

{Zm—r?) *5(2«41‘")

LL)LML—,——ZM‘I‘"ZM + /] + Ipm = 5

L‘f‘ml —I-“—fm 1’6
2(20t tTm + 1) CLoeuen
SNt 1t Sm s euen s all o4 € N

J
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