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1. The point P(—2, —5) lies on the curve with equation y=f(x), x e R
Find the point to which P is mapped, when the curve with equation y = f(x)
is transformed to the curve with equation
(a) y=f(x)+2 up 2
1)
(b) y = ()] all 4y positive
ey
(c) y=3f(x—2)+2 2 right 2 9Yx3 +2
(2)
a) (=2 -3)
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f(x) = (x — 4)(x* — 3x + k) — 42 where k is a constant

Given that (x +2) is a factor of f(x), find the value of £.

(&)

£(-2)=

I
o

(-2-4)( (-2 —2(-2) +w) - 42

—é(lo +k) —42 =0

-60 - ¢k —y2z =0
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r

~
3. A circle has equation
xX*+y*—10x + 16y =80
(a) Find
(1) the coordinates of the centre of the circle,
(i1) the radius of the circle.
3
Given that P is the point on the circle that is furthest away from the origin O,
(b) find the exact length OP
(2)
o/ x -0 +q"4—l(J = R0
1
(x-5) -25 +(g9+8) — &y = 80
z F A
(z-5) t(9+3) = 1¢9
// ‘/g 2 = 8 ]
/) 13
=
L
b/ TN AN
(\ Ny ) Q\ ?
N S N
2
2 = g+
=13
¢ = J q?. + &
{3 + g9
J
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6.3

: 2 :
4. (a) Express Shrr%) —Ox as an integral.

(b) Hence show that

lim —ox =1Ink

(0))

*\

Sx—0 X
x=2.1
where k is a constant to be found.
(2)
‘ Og

o/ [ 2 A x

\} 2.l >

r 6.3

b/ /2/n17

! L

21ln (3 — 2 nd.l

2 (lhéz- 1n2.)

7

2 (n 3

(n 3°

ln 4
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. The height, & metres, of a tree, ¢ years after being planted, is modelled by the equation
BP=at+b  0<t<25

where a and b are constants.

Given that LL -L

» the height of the tree was 2.60m, exactly 2 years after being planted
» the height of the tree was 5.10m, exactly 10 years after being planted

(a) find a complete equation for the model, giving the values of a and b to 3 significant figures.

“4)
Given that the height of the tree was 7m, exactly 20 years after being planted

(b) evaluate the model, giving reasons for your answer.

(2)
*
0 @.¢)= ala)th (5.) =a(10) +1
.76 = 2atb 2¢ 0] = 160 +b
2_6_0 = \o_& o S'Mul{_a“eo\u \
€C.76 = 20 + €9,
19.25 = &
o 2.¢ )
b = €76 -2 (2-%1)
= 1.98%
a= 2.4 | b= (.95

c——

L= 2.4) ¢ + .95
L/ whea £ = 20

T
h ™ = z2.41(20) +1.95
W = so0.55

b — 7.08 m

7 08 )s close +o 7) +Le model seenrs v Le accuvete
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2,38)

=V

Figure 1

Figure 1 shows a sketch of a curve C with equation y = f(x) where f(x) is a cubic
expression in x.
The curve

* passes through the origin

* has a maximum turning point at (2, 8)

* has a minimum turning point at (6, 0)

(a) Write down the set of values of x for which

f'(x) <0
(1)
The line with equation y =k, where £ is a constant, intersects C at only one point.
(b) Find the set of values of 4, giving your answer in set notation.
- — 2
(c) Find the equation of C. You may leave your answer in factorised form.
3

o/ 2< x < & (&raolfeai— )3 Mﬂa(—ivc)

La/ k> % or k<o

gk’ K>8‘§ U €K1K<o§

c) gy = a)'_(-t—{jz (l,z)
g = a(z)(2-¢)"
f§ = S2a
o = Yy
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7. (1) Given that p and ¢ are integers such that

pq is even

use algebra to prove by contradiction that at least one of p or ¢ is even.

(i1) Given that x and y are integers such that

e x<0
* (xFy)P<oxtt)y?
show that y > 4x
7',/ assume p and g ore odd .
Le_/'f:_ 2n + ] Le./—z=2n4—,-/
Pg = (2a+1)(2m+1)
= 4nm 1+ 2nt2m -+

= Z(ZILM TVL-rM) + |

F7 ,-S oo d . (oAt e A Ron P

rMust be even .
ii) > < 0 L:r_-wj)" < 9 +jz
(x+9) (xeg) < Azt + 37

:t_7‘+=tj "'l‘,j*‘\jz < 9Axt Ty

'JLL"’ZJ-'j -t-‘jl < Ax* *"jl

2xy < £”
divide by negative .. =~ 2x_
;/leﬂl_ua/f-i‘j 'P):"OS/Changc_( Y > U x
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~V

Figure 2
A car stops at two sets of traffic lights.

Figure 2 shows a graph of the speed of the car, vms™, as it travels between the two sets
of traffic lights.

The car takes 7 seconds to travel between the two sets of traffic lights.

The speed of the car is modelled by the equation
v=(10—0.4¢) In(z+ 1) 0<t<T
where ¢ seconds is the time after the car leaves the first set of traffic lights.

According to the model,

(a) find the value of T

1)
(b) show that the maximum speed of the car occurs when
26
t= -1
1+ 1In(z+1)
“4)
Using the iteration formula
" T+ In(e, + 1)
with ¢ =7
(c) (1) find the value of 7, to 3 decimal places,
(i1) find, by repeated iteration, the time taken for the car to reach maximum speed.
3)

a) v= (10— o0.ut) In (t+:)
€225 4o

—
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Question 8 continued
T = 25

L/ Max Spﬂd J pwhaoce ;T‘:— =0

v = (/o —O.L/t) }VL(\':-f |)

W= )J)o- 0.4 v = [./\H-—rlj
d“! — _D.Lf >(olv - l
ol t of - £t
olv = “D.L,—IILLE—i'l\ + Jlo -—o.u4k
Al E+
v - o

X
Mo s.a—eeai wl e e

—o.4 In(E+1) 4 10—0.0E 4
e —+ |
—o.4(&+1) (Ale+1) + 4o —o.yk = 0
(Cewt - 0-y4) lnlE+1) + 16 —0.4e = O
—a.ué-lru(éﬂ)—o-qlnttﬂj +1le —o.qb = o
0.y In(t+1) 410 = P4k + 0.4k lalt+r)
—la (£+1) =+ 25 = £ 4 E la(k+1)
26 — la(E+1) = #(Hlﬂttﬂ))
25— la(k+) =4
! +[—LL&:+J)
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Question 8 continued

26 — | —[A(f""’) = t

| +ln (E+1)
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S

Figure 3

Figure 3 shows a sketch of a parallelogram PORS.
Given that
%
e PO=2i+3j—4k
%
* QOR=5i-2k

(a) show that parallelogram PORS is a thombus.
(2)

(b) Find the exact area of the rhombus PORS.
“4)
a/ rhomb v hay €qued siden

Pa = | 22 +3* +4* arp = [srea?
J 29

=,__@ -

Y

vl
=
~

N
\\.
—y
4
o~
LY

1)
3

£

L647+L, FF

[,ertg#l«. as = \/37'*?1-*21 = VvV 2l
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Question 9 continued
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10. A scientist is studying the number of bees and the number of wasps on an island.

The number of bees, measured in thousands, N, , is modelled by the equation

N, =45+220e*%
where ¢ is the number of years from the start of the study.
According to the model,

(a) find the number of bees at the start of the study,
1)

(b) show that, exactly 10 years after the start of the study, the number of bees was
increasing at a rate of approximately 18 thousand per year.

3)
The number of wasps, measured in thousands, N , is modelled by the equation

N, =10+ 800 e

w

where ¢ is the number of years from the start of the study.
When ¢ = T, according to the models, there are an equal number of bees and wasps.

(c) Find the value of 7 to 2 decimal places.
“4)
a./ when =0 NE = 265 000

b N=estzz0e’

AN = ) eo.ofb
At

(V4 .OS ]
whea €E=10 £~ = /1 c_ou (re)

= )&.135%...

]} 8.1 = /1§ (Z{"ﬂol-v.l‘*no’(f)

—o-o0§T
</ 45+220e °°%7 =10 +800¢€
SS t 220 e,o'DST = ge%.é:—s-.r
?Saa.os-r _'_220{—0-!7' = go00
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11.

S
/
=V

Figure 4
Figure 4 shows a sketch of part of the curve C, with equation
y=2x*+10 x>0
and part of the curve C, with equation

y=42x—15x*-7 x>0

1
(a) Verify that the curves intersect at x = =

2
(2)
The curves intersect again at the point P
(b) Using algebra and showing all stages of working, find the exact x coordinate of P
)
C, - - (3 -
a/ when y = 4 y y=2(L£) +io = )o.28

Gt y=ax(t) 15 ()" -7 =roes

both go throusl. (4 1o.25)

3
[9/ 22 tlo = 423 — )5xF -7
2x> + )62t —42x + )7 =0
2'=/'Z ) S o— <o lwad' o < (21— _l\ N S —(‘c-:.-\-if'
28
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12. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.

Show that

e2

f X*Inxdx =ae® +b
1

where a and b are rational constants to be found.

C))

fv_g%dx_= Mv—gu% .

3
V=[’LJL o‘u = X
x
a(v- __’{ uw = L—Z_‘f
T x L
& ! T
-‘/T,t I x - J Y oAx

/4
I g ) 3 |
— 2 R N —{/
9‘5() /¢ ze)
S A R B
2 4 & 76
&
7 + L
5. © 73
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13. (i) In an arithmetic series, the first term is @ and the common difference is d.

Show that

S = g [2a + (n—1)d]

3)
(i1) James saves money over a number of weeks to buy a printer that costs £64
He saves £10 in week 1, £9.20 in week 2, £8.40 in week 3 and so on, so that the
weekly amounts he saves form an arithmetic sequence.
Given that James takes n weeks to save exactly £64
(a) show that
n*—26n+160=0
(2)
(b) Solve the equation
n*—26n+160=0
(1)

(c) Hence state the number of weeks James takes to save enough money to buy the
printer, giving a brief reason for your answer.

ey
e S RS R
Sus +% dt....+Db Aatd /T
..

25u = Za4(a-)d + 2a +(2-1)d + 2o t(a-
2a= n(2et(n-1)d)

So= 2 (2a T(,\_l),()

\

by = /'12_—-(7,(/0) + (n ——:)60.8))
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Question 13 continued

by =

P (20 -0.4n +0.¢)

(y —

A

[

208 —o0.8n)
——{ )

/28

0.8 n"

/6o

l’l?' 26 +/60 =0

N =0

H  w(l teke [0 weel,

7o

he would bhhave

n=lé

+o

Sket

aet +v
Jd

saving co oroun .

M&Ja--\‘-n'u-&
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14. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(a) Given that

2sin (x — 60°) = cos (x — 30°)

show that
tanx = 3+/3
C))
(b) Hence or otherwise solve, for 0 < 6 < 180°
25in26 = cos (26 + 30°) A= 26 1o
giving your answers to one decimal place.
“4)
S','A@’B): s‘;n4 cosl§ — w;A‘rJnE
cor(lq"@)': 6054-0;8 + §;n4-s;n£
2[5;'4 x cos 60 — Los U S/~ 6°) = (oy X (oS 20 - Sinx S/~ 3o
2( "if;'AJL"' 67_:(_05 x_\ — \[_E——CDSX_ + ‘LZ_S:.A-)C
Sinx — V3 ey = EB,_C.OSDL T ‘_}Z SinX
(&
/:’g,',\_x_ = '3kF; Co S O
P
S,n = 313 cos x
ten x. = SG
by tan (26 téo) = 373
26140 = 79.) , 251.) , w39
X
6 = 2.6° 114,
38
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42

-4
= 2T
feeher 3

Figure 5

A company makes toys for children.
Figure 5 shows the design for a solid toy that looks like a piece of cheese.
The toy is modelled so that

» face ABC is a sector of a circle with radius »cm and centre A4

+ angle BAC = 0.8radians

» faces ABC and DEF are congruent

* edges AD, CF and BE are perpendicular to faces ABC and DEF
* edges AD, CF and BE have length Acm

Given that the volume of the toy is 240 cm’

(a) show that the surface area of the toy, Scm?, is given by

1680
S=0.8r+ ——
r
making your method clear.
“4)
Using algebraic differentiation,
(b) find the value of r for which § has a stationary point.
“4)
(c) Prove, by further differentiation, that this value of » gives the minimum surface area
of the toy.
(2)
A / volume = 240
1 -
"l = 240
2

O-LtrlL S 240

oo —
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Question 15 continued

surfoce orea= Lol + ol + 2 8 4"

)2

2ele + 0.0/ + 2. 0.4 0"

N

= 2.8rl +0.87"

= 2.8r(6°° \ + o/t
* (?’ 1
= /6§80 -+ 0'8(1

—

=

—

Y

S = Jj¢eoc” +o0.8r"

AS =

—lca’Or‘ﬂ- + (-6 r

Ar

AS =0

u‘»\.l/\.

S i’l\'l'l‘anw v
/

Ar

—

1620('1 + 1.6 =0

l.6v = 14FO
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16.

=V

Figure 6

Figure 6 shows a sketch of the curve C with parametric equations

T

x = 8sin’t y=2sin2t+ 3sint 0<t< >

The region R, shown shaded in Figure 6, is bounded by C, the x-axis and the line with
equation x =4

(a) Show that the area of R is given by

j (8 — 8cos 4z + 48sin®fcost)dr

0

where a is a constant to be found.

X
X

:

)
(b) Hence, using algebraic integration, find the exact area of R.
“4)
n 7 J x = § sin’t
p[ &
o 3 A a 1 |
4 =8sir’t p=fat

£=tr &=
¢
%,-Tf'
2 sn 2% + 3siat AL LUE
Vo 0““"

46
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Question 16 continued

x = 3 s.att
- & (5';/1 6')1
AxX _ )fsink cost
o€

1

j\" (2 sin2k + § Sin'l:) (}6 siat Los't) dt
%)

Sin2t = 2 sinteort
£ sscn2b = ) s;nk cost
-lqrr
J (25;/\2{?'138-'1\{'\(85?/\7*\ At
0
5T
5 16 sin" 26 + 24 5,02k siak S E
)
Cos 2t = eox’t — 5,47t
= }_Z.Sl.ﬂ,b
Cos Yt = | — 2 sin'2F
Ccoselt = & —I1ésia’2e
l4Sn* 26 = ¢ — & Cos T

4
j R - Qcos b + 24sln 2t sint  JE
[s]

S,m2t = 2Z2Zs;nt cost

T

Y
5 ! — Bcos Wb + YRantt b AL
O

47
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Question 16 continued
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(Total for Question 16 is 9 marks)

TOTAL FOR PAPER IS 100 MARKS
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