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Instructions
® Use black ink or ball-point pen.
@ [f 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.
® Answers should be given to three significant figures unless otherwise stated.

Information
@ A booklet ‘Mathematical Formulae and Statistical Tables’ is provided.
® There are 15 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.

@ Check your answers if you have time at the end.
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Answer ALL questions. Write your answers in the spaces provided.
1. Find
2
giving your answer in its simplest form.
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2. (1) Show that x> — 8x + 17 > 0 for all real values of x
3)

(ii) “If I add 3 to a number and square the sum, the result is greater than the square of the
original number.”

State, giving a reason, if the above statement is always true, sometimes true or never true.
(2}

2z

i/ (x -4) —/16 +17

2 Sy — —

(z-4) +

fin po;W‘C at (\_‘1:_,, 1)
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N 25 > 4

((1%3\)1 > 27
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(x+3) > x

2%+3x+3x+9 > x

bx +9 > 0

— Bk > 7

Xy =
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3. Given that the point 4 has position vector 4i — 5j and the point B has position vector —5i —2j,

(a) find the vector /_1—)8,
(2)

(b) find |4B|.

Give your answer as a simplified surd.
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4. The line /, has equation 4y — 3x = 10

The line /, passes through the points (5, —1) and (-1, 8).
. X ‘d; X Yz
Determine, giving full reasons for your answer, whether lines /, and /, are parallel,

perpendicular or neither.
(4)

/A )

- = T . =22 -

_ The (ines are pot poraled  as They ol net
. have e same  gradeak. —
. The lLiney are  pot  perpenclicedos as o 5 7 —|.

| They are nedther,
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5. A student’s attempt to solve the equation 2log, x — log, Jx =3 is shown below.

2log, x — log, Jx =3
x . .
2log, (T) =3 using the subtraction law for logs
: x

2log, (Ja_c) =3 simplifying
log,x=3 using the power law for logs

x=3=9 using the definition of a log

(a) Identify two errors made by this student, giving a brief explanation of each.
(2)

(b) Write out the correct solution.
3)

@

~when one of tme logs 95 Lulhplied Ly 2. Twe
Shident  swoudd bring W L up  ev ek

71y The subtracton law for Jogs camnnot Le used
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Figure 1
i
A company makes a particular type of children’s toy. :
g The annual profit made by the company is modelled by the equation

P =100 - 6.25(x — 9)?

where P is the profit measured in thousands of pounds and x is the selling price of the toy
in pounds.

A sketch of P against x is shown in Figure 1.
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Using the model, |
(a) explain why £15 is not a sensible selling price for the toy. 7 :? :
Given that the company made an annual profit of more than £80 000
(b) find, according to the model, the least possible selling price for the toy.
The company wishes to maximise its annual profit. l_-'t:
State, according to the model, g
(c) (1) the maximum possible annual profit, s %
(ii) the selling price of the toy that maximises the annual profit. %
(Z) : g:;
- 7 - S S
o) P= 100 - 625(1s—9)

The compony weuld mapke a  loss of EIZS 000
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Question 6 continued
b/ 100 — 6.25(x - 9) > 80
— = ‘L
20 > 6.25(x-9)
_f 6 > (x-49)
)
. FrTiE =X .
1-[2- <z < 1+ >
Least pgeossole price = el \]-‘I‘é'-' =72)
= §7. 32

¢/ i/ Max possle pobit = EIOO,000
2 = 2 ——>——-
o w/ 49 B o
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7. In a triangle ABC, side AB has length 10cm, side AC has length 5cm, and angle BAC = 0
where 0 is measured in degrees. The area of triangle ABC is 15cm?

(a) Find the two possible values of cos 8
4)

Given that BC is the longest side of the triangle,
(b) find the exact length of BC.

— )
/4/.\/ T

= ( :o)(S) sin(0)
25 sin(68): g 15 -
Sin (&) ° s 3 I{\\D VVVVVVV
(W)
_cos (6) = K e %

(if 6 i3 behsted
10 and (80 )

b e =0t 5T = 2(10)(5) cos(8)
0" = 10%4 5% = 2 (1) (5)(~5)
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8. Alorry is driven between London and Newcastle.

In a simple model, the cost of the journey £C when the lorry is driven at a steady speed
of v kilometres per hour is

1500 2v
C=——+—+60
v 1l

(a) Find, according to this model,
(1) the value of v that minimises the cost of the journey,

(11) the minimum cost of the journey.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(6)
. dC oy 5 .
(b) Prove by using ey that the cost is minimised at the speed found in (a)(i).
(2)
(c) State one limitation of this model.
(1)
o L ., 2= - 6_23—__ o
a) . C= [500v =V .
i
AC = —) 500y sl ,.__-2' -~
— . )
av. . S — S
B fh’”' "‘ S - AE‘”'—’__ o o R o -
o FO\.{\\— wnere e
— =GO 4 P s By R
= i)
S N S - S
- - 7 _',_2._'_. - iS00
- - - N Ve -
S 2v* = 16500
o - v: = %250 I

- . Ans T _
- = $£93.03 - ) -
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Question 8 continued
b) ol C = 30c0v "
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9, g(x) = 4 — 1222 — 15x + 50

(a) Use the factor theorem to show that (x + 2) is a factor of g(x).

(b) Hence show that g(x) can be written in the form g(x) = (x + 2) (ax + b)?,
where a and b are integers to be found.

Vv A

¥y =g

[/O\~

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

=Y

Figure 2

(c) Use your answer to part (b), and the sketch, to deduce the values of x for which
(i) g <0
(i) g(2x)=0

(4)

(3)

o) g(=2) = #(-2) ~12(=2) ~15(-2) + 50

=0

g(-2) =0 .~ (x+2 is o facter

,_J?/,______;________ 4 e Jo% + 25

> +2 / x> —12x" ,':/5,,,11_1,59:__

o 4x r$xt

- 20£ —¢0x

—202°-15x

d5x + 506

25x + 50

e

22

A 0 R O

(x<2) (fz"—z0m +25) |

-
)
£
el
=
e |
m
3
g
=
Tt

DO NOT WRITE IN THIS AREA

ol
A
S
=
ST
=
N
s
R o
=
5
:1VQ,:




d a
Question 9 continued
(x+2)(2x -5)(22-5)
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10. Prove, from first principles, that the derivative of x* is 3x?
(4)

’3 2
(2, =) (+r), (c+n) )
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11. (a) Find the first 3 terms, in ascending powers of x, of the binomial expansion of

(-%)

giving each term in its simplest form.
(4)

9
fix) = (a + bx)(2 — %) , where a and b are constants

Given that the first two terms, in ascending powers of x, in the series expansion of
f(x) are 128 and 36x,

(b) find the value of a,

(c) find the value of b.

9 36

a) (2)"+ 9(2) () + s¢(2) ( | )

. 5/2 — 44 + 82" :_ f
b)) (Brz-14yx 4+ 18x")(a +bx) R
.__T:__S/;La, + 5/2é=aa ~ILH7Laux - :

52

a = 128
¥

B2k — 1ay(L) = e 36

A 0 O

by = e [= 'Fe}};.sj‘*“

e __OlDb —-36 = —gq F2 <
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12. (a) Show that the equation
4cosf) — 1 = 2sinftand
can be written in the form
6cos’0 —cosf#—2=0
(4)
(b) Hence solve, for 0 < x < 90°
4cos3x — 1 = 2sin3xtan3x
giving your answers, where appropriate, to one decimal place.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
(4)
_______a.)_________l-]_— cos ® — | = 2<s.nB-35n6
— —_— —_— S ——— Ca& 6 —
_ .2
 lCestB ~ Ccox® = 2s A6 —
..Lrﬁpsz@ —Ces & = Q_(:l — cos’6) o
cos'C —cose = 2 — D ceos"O
6 cos B -cos0-2=0 -
b/ £Ecos"d3xX — cos B — 2 = O
(B cos 3x - ,’?,)écos o fl)
2 L
cCos B = — = Ces ?>DC S
. D =43.2 RN - L.l 1 1 & I
- : — = =
. 2= /61 X = 4O,
G —_
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13.

log .V

il

Figure 3

The value of a rare painting, £V, is modelled by the equation V = pg', where p and g are
constants and ¢ is the number of years since the value of the painting was first recorded
on 1st January 1980.

The line / shown in Figure 3 illustrates the linear relationship between  and log, /' since
Ist January 1980.

The equation of line / is log, V"= 0.05¢ + 4.8
(a) Find, to 4 significant figures, the value of p and the value of 4.

(4)
(b) With reference to the model interpret
(i) the value of the constant p,
(11) the value of the constant g.
(2)

(c) Find the value of the painting, as predicted by the model, on 1st January 2010, giving
your answer to the nearest hundred thousand pounds.

(2)
o) log.v=oo5tres
RN il B -
 v=10""(10" %) )
p= 1077 g =0 -
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~ | Question 13 continued
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14. The circle C has cquation
P+ —6x+ 10y +9=0
(a) Find
(i) the coordinates of the centre of C

(ii) the radius of C

The line with equation y = kx, where £ is a constant, cuts C at two distinct points.
(b) Find the range of values for £.

(6)

o) -6yl cl0y r g =0
(Iw%}_'__"l +(<j+=5\ ’).'5 *”O]._, = 5 -
(:t—a\*r(u\\»‘s\-—l_S‘"’O
o (DQF-S) (g« =) =235
i/  centre: (3,-5) o
it il b a8 5

b/ Y=l .
2t v (kx) - 6x +10(kx)+9 =0
x% + k*x® - boo +jokx + 1 =0
o (k) xF rok —g)x + a9 = 0O
Fiee  saludiens +. 1" - Bke PO :

(1ok-6) — 4(i+k") 7

(;ok-m(zokwe\ - 36(1+k*) >6 o

_ look*-60k ~60K +36 = 36-R4k" >0

Cuhk® — 20k >0

(S

PR . =--- L v 0 < =

Sk (¥k —/5) >0
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Question 14 continued
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Figure 4

Figure 4 shows a sketch of part of the curve C with equation

32
y:-x—z-f-3x—8, x>0

The point P (4, 6) lies on C.
The line / is the normal to C at the point P,

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

Show that the area of R is 46
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(16)
. y= 22 Y 3x—x% -
) da = -6y ez :
at
Cven x=u G —eu(4) T3
_____ = 2 R
perp m = ’f_"z . _ . o
-~ § YT Tzx® tc (4,6) S
6= —5(y) +¢C N
o E= —2 tC S
,,,,,, i _e=% ) -
Famation of L Yz -S>+ % _
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Question 15 continued

- f Crois€s 2L w!/\.ﬂ/l- L,’:D o = _,’l:.(: D—ka)”‘-__vg
x = i6 o
R’ = _drfa 0‘? Jcrf CLHq(Z ___-\- aréa

under carve,

W‘m”"“

|
area of triangle = < (12)(6)
~ AL

&

n et -
Qe under  Curve = )’ 2 + B — ¥ Ase
2
B s 4

= |-32.0 +3x - B=

N

z

=220+ 30" —e(4)) = (3202 +2 Gy -¢ (2)) |

e
ptoltatateti N bttt b

-16 —(-2¢)

R = 34 +/0
= s

(Total for Question 15 is 10 marks)

TOTAL FOR THE PAPER: 100 MARKS
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