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g(x)=3x> —20x" + (k +17)x + k
where k is a constant.

Given that (x — 3) is a factor of g(x), find the value of £.

@)
g(s) = 0©
3(3)° —20(2)" + (k+17)3 + ~ = o
] — 180 4 3= £+ 51 + kW = o
UK = 49
K = 1L
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Question 1 continued
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2. (a) Find, in ascending powers of x, the first four terms of the binomial expansion of

1

(1-9x)

giving each term in simplest form.

3)
. 2 : .
(b) Give a reason why x = By should not be used in the expansion to find an
approximation to NE)
(1)
’L 'J‘-\I"Jl-‘ 1 fllul",\/ S\ 3
ol 1A F(=72) ¢+ (22 ) (-ax) + (LI )NZ )=
2 &
-— A b |
|~ Za - Bt - 72750
z 8 14

/ The expansion is valid whea [ 2] <[

<

[}
x.<T,

x has b be betwren "J—a’- arnd o

The CLpangion ig ao valid  for x = —

>\
SO
2
% .E/
-y
S o
-jf(n/f"\
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m %
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3. f(x)=x+ tan(%x] T<x<—

Given that the equation f(x) =0 has a single root a

(a) show that a lies in the interval [3.6, 3.7]
(2)

(b) Find f'(x)
(2)

(c) Using 3.7 as a first approximation for a, apply the Newton—Raphson method once to
obtain a second approximation for a. Give your answer to 3 decimal places.

2)

av/ T L’an(/;_z,) =0
3.6 T tan(5°56) = - 0696

.7 -t (7“’“('5'3-7) = 0. 2112

change ok Sign and e Funchoa 1§  ubhauwsud
Jn The ')A}*C/Vﬂ-/ . et 15 e ce of N Twe )/“’Vvﬂ-{

(3.6,31]
b/ f(x) = > < gm.(/ix)

Pla) 7 1+ Lseet(42)

1, =51
3.7 + tea (4,-3.7)
22 - 37 - ,_r% 5662 (_Ii.g,‘;)
- g . o022
7.5%
= 3672
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Question 3 continued
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. . L e d
4. Given that y = x°, use differentiation from first principles to show that —

2x
X
3)
f(x)= x*
/ - 1M — =
’[[1) - n—vo i/\.
) 1 L
= lim  (x+h) Z
=X L
= Jim 2 AMha gl -2
W o e
S
- lim Aax £ln
W= o I~
- ‘l;M d \
w=a0 (11'4’[/\)
~ 1%
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Question 4 continued
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5. The function f is defined by

2x -3
f(x) = xeR
() x* +4
(a) Show that
’ ax” + bx +c
Fo)=——>
(x + 4)
where a, b and ¢ are constants to be found.
3)
(b) Hence, using algebra, find the values of x for which f is decreasing.
You must show each step in your working.
3)
“/ a = 1x -3 v = 21—+L7‘
d Adx
{ = v J A — X 6~V
Fix) = e
1

\V4

= 2(x"ty) — 22 (22 -3)

(2t + 4)°
= 2zt + 8 - 4zt + bx
(2= + 2)"
= —-’2,12'—/'42;‘7"8
(z* «<)’
b/ ~ 22t + bx t ¢ < o

(xt+y)t

— 2z t 61 + 8 < o

x<_/0r L7 4

——
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Question 5 continued

(Total for Question 5 is 6 marks)

BOEw

11

MM R 0O -
P 7 5 6 9 3 A 0 1 1 4 4 Turn over



yA

:j:—a(:x.—'z.)%'s

LA Y = 3(9"”')‘rs
xg 2
x 7z
L{,__P
0 §
Figure 1

Figure 1 shows a sketch of the graph with equation
y = 3|x — 2| +5

The vertex of the graph is at the point P, shown in Figure 1.

(a) Find the coordinates of P.

(2)
(b) Solve the equation
16 —4x =3|x-2|+5
(2)
A line / has equation y = kx + 4 where k£ is a constant.
Given that / intersects y = 3|x — 2| + 5 at 2 distinct points,
(c) find the range of values of £.
(2)
¢/ (2/ 5)
b/ 16 -4x = 3(x—-2)+5 [ ~¢x = ~3(a-2)+ts5
It — 4o = 32 —& ¢ ¢ [ -Yx = ~3x+(tS
(7 = 7x < T X
>
Z:%‘ X L2 Se x=5 is nel

—— on s ntersecthon
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Question 6 continued

L ne Passes

The

intersechon

one

F

4

/

4= kX +4

()T ¢

6:‘

'Y
8 !
h

\)
N

T

Lt oN

atersect.

‘
!}

)

Ch < 3

(Total for Question 6 is 6 marks)
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__________ Diagram not drawn to scale.

1.5m

Figure 2

Figure 2 shows a cylindrical tank of height 1.5m.
Initially the tank is full of water.
The water starts to leak from a small hole, at a point L, in the side of the tank.

While the tank is leaking, the depth, H metres, of the water in the tank is modelled by
the differential equation

dH _

01270
t

where ¢ hours is the time after the leak starts.

Using the model,

(a) show that
H=4e"" +B
where 4 and B are constants to be found,

€))

(b) find the time taken for the depth of the water to decrease to 1.2m. Give your answer
in hours and minutes, to the nearest minute.

3
In the long term, the water level in the tank falls to the same height as the hole.

(c) Find, according to the model, the height of the hole from the bottom of the tank.
(2)

AH = _pi2e 0T

dt

~ r .z €

Qo

| dH =|-0.12¢ JdE

J
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Question 7 continued

< -0.2€
g H = 0.¢(e¢ + C
F
E_ when tz-o H =1 &
= /|.§ = 0.6 + C
:; ¢ = 0.9
=
o
g -
H = 0.%e + 0.9
,/ b/ [ 2 = 0. £g,—o'“: + 0.9
0.3 = 0.6e "
/ _ —-0.2 kE
= ~

lhown

o~
1)
wW

-

~

= 3 howy 28 minwkes

c/ As 4 increases 7 9ets tloyer o 0.9

0.7 m

m——

: . . . . . . . . . . . R I IIIRRRRRIR: RS R
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Question 7 continued

(Total for Question 7 is 8 marks)
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8. The functions f and g are defined by

RIS

fry=4-3x> xeR

oa

N

9 =z
g(x)= xeR, x#— o
2x — 2 7:;/\
(a) Find fg(2) B
Q) m
QE;\
(b) Find g 2
&) 5
(c) (1) Find gf(x), giving your answer as a simplified fraction. E\
B
(ii) Deduce the range of gf(x). B
3) o
The function h is defined by
h(x)=2x"—6x+k xeR
where £ is a constant.
(d) Find the range of values of k for which the equation
f(x) =h(x)
has no real solutions.
3)
_ =
0—/ q ( 2) - (A 9
/ 4 2L4)— |
- —

= |
b/ 9 = =
2=~

1

5 + 1y
\_/ ) S8
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Question 8 continued
5+ 79
29

x:

3"(1) = 5 r Tx X E€ER L F o0
2

5
Cof—9HB = apra) =9
S
§-6a" ~ 17
5
"6707"'/
s
6t

Rl

(|

)

it) The Smallest e deapminards/ (on bt 15

v, 7=0 9f(x) = -5

Ay 2 inctawes  3t(1) gth v b 2e0

_ G ggﬁ(x)<o

&)  4-3x" = lat-6= + Kk
o = 512'—@% -f’(K/‘f)

No  solutions whese Lo - Yac <O

o NN 00O O 0
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Question 8 continued

(—¢)" - 4 (5)(k-¢4) <0

306 20(w —4) < O

36 20K T 30 < O
Il = 20k

.8 < Kk

(929,

65"~ oy
-
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$0ve %%
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Question 8 continued

(Total for Question 8 is 11 marks)
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. The first 3 terms of a geometric sequence are

34k-5 97-2k 32(1(71)
2(7-%%)
3

where k is a constant.

N | D

(a) Using algebra and making your reasoning clear, prove that & =

(b) Hence find the sum to infinity of the geometric sequence.

2 (- 2%) Sziw—x)

3qﬂ—s 32n—1W)

2(F-2n)- Lthe=5) SZCK—-—') — 2 (- =m)

3

"’(‘""T‘Q"“‘t"“"% = 2l — 2 - I —+ L

19 — 8w = 6w — ;46

3§ =~ Il bk
4® = iﬁ-: fi
l4 l
y(2) =S 7-2(£)
o/ a= 3 uz’: ;’/
= ZLf.S
{
2 = __
T S
joo — 243
[ —L
3
—_ 7219
A

——

P 7 5 6 9 3 A 0 2 2 4 4
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10.

y A
12 ll
R
/ // e >
(0] A \ 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 part of the curve with equation

3
y =8x — x2 x>0

The curve crosses the x-axis at the point 4.

(a) Verify that the x coordinate of 4 is 4
(1)

The line /| is the tangent to the curve at 4.

(b) Use calculus to show that an equation of line /, is

12x +y =48
3)

The line 7, has equation y = 8x

The region R, shown shaded in Figure 3, is bounded by the curve, the line /, and
the line /,

(c) Use algebraic integration to find the exact area of R.
s (3
z
a) 0 = 3(4)-— 4

O - © v
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Question 10 continued

lo/ :j—: $x — x

/21 ry = ¢ ¥

c/ g i1 y:f/Zx + 49

{, ana X, intersect whee §x = -/2z2 748

0x = 4§
x = .4
whea 1T 2.4 9§z elag) T i1 0
Area 4 brt'ov\gl{ = //2 ¢ - 192 e
= 33.4 anih" J
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11.

28

Figure 4 shows the design of a badge.
The shape ABCOA is a semicircle with centre O and diameter 10 cm.
OB is the arc of a circle with centre 4 and radius 5cm.

The region R, shown shaded in Figure 4, is bounded by the arc OB, the arc BC and the
line OC.

Find the exact area of R.

Give your answer in the form (a 3+ bm)cm’, where a and b are rational numbers.

4)
Aree of SRm urde = % b
= ?
= = (8) (m)
- A __,
=y
ficca ot ‘oriangle = %(g)(g) 5“(%)
= 25(3
I7L
- Lo (T) - 25Y3
Area o reqwent = Z(S)(3> .
= 2ST — 2503
b ¢
R/ L 6 't
AR R P O 0
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12. (a) Express 140cos —480sin# in the form Kcos(6 + a)
where K > 0 and 0 < a < 90°

State the value of K and give the value of a, in degrees, to 2 decimal places.

3

A scientist studies the number of rabbits and the number of foxes in a wood for
one year.

The number of rabbits, R, is modelled by the equation

R=A4+ 140cos(30¢)° — 480sin(30¢)°

where ¢ months is the time after the start of the year and A4 is a constant.
Given that, during the year, the maximum number of rabbits in the wood is 1500
(b) (1) find a complete equation for this model.

(i1)) Hence write down the minimum number of rabbits in the wood during the year
according to the model.

(2)
The actual number of rabbits in the wood is at its minimum value in the middle of April.

(c) Use this information to comment on the model for the number of rabbits.

2

The number of foxes, F, in the wood during the same year is modelled by the equation
F =100+ 70sin(30z + 70)°

The number of foxes is at its minimum value after 7 months.

(d) Find, according to the models, the number of rabbits in the wood at time 7" months.

4)
Cos (ﬁ'('ﬂ') = (os A (0sB — sinAsial

kocos (Fto) = Ko osel - IL5iAD Sind

= 140 (P — 480 540
(140° T 480" K SnAa = GBO
= 500 K. COSo = 14 0

80
tono = Top

L = Fan! .w)
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Question 12 continued
—_ o
oL = T3.7Y4

500 Cos (& Tt 737%)

b/i) R= A+ 500 cos (306 T 73.7¢)

as max = [5006 A = Jooo

R = Jooo T 6Soo (ox( 306 7 73.74)
”/ M /005 — 500 = ioi
c/ min  when 003(301-—/—73-77‘) =-)

Jobt + 7;.774 - %0
£ = 3.S5¢

2SS mpnAthy s T shvlt 3) A j(w VB
mid byl tue model g s teble .

F =100 + 705 ( 30t T 70)
Min  whhea  Sinc(3otTt70) = —|
3ok + 70 = ~90,2770
36k = -160,200
€= Z-B‘Q-Mom»

R = (000 + 500 cos ((36(*%)t 73.7@
= (033

—

31
o NN 00 00
P 7 5 6 9 3 A 0 3 1 4 4 Turn over




s

J
¢
%o

G RIRRKIRKS,

<

Question 12 continued

<R IRRELIKRRKL K

XX

St setesetotetoetete!

o5

ORI

%

GIRLLES
BeSasesesatatetetetetole!

o200
3R

LK
0RRE

%% %
KK
KK
00%,‘

%S

QIKRIKIKRIRIRRK K IKRK

X
%
5

0503000 5IIIIIIIK LK

KR RIRKIIKRKIIKRKIRKKX
X KKK LK LIELLIKLELLKL

RROEECOOEEO0000
XX

S5
R X

" @

<

005
RS

35

S
094,293
QSRR
prote ~ 20
Bose® = 28
I
SR
SRR
€§§5§$
SSKREK,
KRR
35&&&
SR80S
RS
SRS
LR
RS

O
%

o%
posess

K
>4

PO #oes
BotSmriets
S
<K
ML
XM
SR
o>

<X
RRRXS
v
«
=
0RXKS

= B

9
KK KKK
SNy
X3
CRRXIILLLLME W,

e
23

R
R

fotatetetototole!
K
19%%

oS
QIIREKKIEKKIK,

(OO
3%

2R

ode%s

SIS

7
\
0
<X
K
bo%es
%%

32

MM O arom
P 7 5 6 9 3 A 0 3 2 4 4



o
o

%
X
258

00
SRR
o2otetetotets

RRRLKS

X

o =
RHLRRL
00:?p
3R

%
<
0

S
botstesesatasoteteses
Q‘QQqup€%¢
oggbwé@bﬁg
R

00
<K
2K
55

OO
dodeelotodedes
30RRRK

A

RIS
LS

KX

0SS

O
togetetetores
B
RER
edraitel
R

oo At

SIS
SRS
LXK
Bo%8 V2 193¢

X
09008
\]

S0 e
S
Ose o%%
0.“ 9’0‘0
BRI,

$%0%%
0y
T
2N
$%%%
S

o 19598
Ko
SRR

¢
09

o
o%
O
)|
o
%%
X

&

OO
posssesetetotototetotetel
2RRAHLL

oSotototetetetels!
LSS

%
o%

3

3%
225
3RS
05!

X
RS
S9%0o%
QIR
S
SRRKKKRK,
QREEEELLLES

XX

O 00\/'00 B

s
oS tatesesesesesesess
KKK

5>

QR
%!

A

KR
S
oS0l

~ ™
Question 12 continued
(Total for Question 12 is 11 marks)
- _J

BOEw

MM R OO .,
>
P 7 5 6 9 3 A 0 3 3 4 4 Turn over



13. (a) Given that «a is a positive constant, use the substitution x = asin’ @ to show that

a u )
x2ya—x dv = lazjzsinzze do o
; 27 ) z
4) ;
(b) Hence use algebraic integration to show that ’__°|
m
J'ax;\/a — x dx = knd® 3
0 -
74
where k& is a constant to be found. ;:;
) =
2 & sin*§ AL = ) g sinbeosh
a0
- — -1
when - a a=-a sin‘é
= 4
[ - S/ﬂ g g
[ = >5ing@ =
g = ﬂ%‘ 5ia°b Lios b =] ;
asv b tapro=a ?I
- R
when . — O 0= & 5406 ;
0 = sSin b 7
b - 0 %
i
g2 g y =
z ) 2
; 1 o= Ah
J Coc Sin 6) ﬁ—m)/né 1o
O
%
f Ja sint - \(acos™t 2o sinb st de i
o
o <
<
: :
[ 5mb {n @356 20 sab 16 AB =
o Z
17 z
T L L v
S Tob siaty tos't  AD :
0 =

3
2a' J Siatf > ¥ oL 8
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Question 13 continued

9in 2A < A 3{&74’())/}
SSa2A = SaA (0 A

SiN“LA = SiaTA A

la/ o> 2A=- | — 2 sia" A
(o> 96 = | — 2 s;0 20

2 ¢in-28 < [ = Cos ¢4

-1 - [/ </ a
Sia‘ 26 7 7@0)7
ﬂ/’
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14. A balloon is being inflated.
In a simple model,
+ the balloon is modelled as a sphere

» the rate of increase of the radius of the balloon is inversely proportional to the
square root of the radius of the balloon

At time ¢ seconds, the radius of the balloon is »cm.

(a) Write down a differential equation to model this situation.

1)
At the instant when ¢ =10
* the radius is 16cm
« the radius is increasing at a rate of 0.9cms "’
(b) Solve the differential equation to show that
3
r2 =54t +10
(5)
(c) Hence find the radius of the balloon when ¢ = 20
Give your answer to the nearest millimetre.
(2)
(d) Suggest a limitation of the model.
(1)
dr - £ d[_ ot _}_L_
of de  \r dt -
b/ X \r‘Ed!’ - jfj.é dt whinn +710 ¢ =)L
ond é‘: = 0.9
3 At
= r = 36t + ¢
3 ) q = ._LS'_-
s m
%(16)2 = 3.¢(10) T ¢ K= 3¢
lﬁ - 36 +C
3
< 10
©T s
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15. (i) Show that k° — 4k + 5 is positive for all real values of k.

(2)
(i1) A student was asked to prove by contradiction that
“There are no positive integers x and y such that (3x + 2y)(2x —5y) =287
The start of the student’s proof is shown below.
Assume that positive integers x and y exist such that
(3x + 2y)(2x — Sy) =28
If 3x+2y=14and 2x -5y =2
3x+2y =14 74 22 .
= x = —, y =— Notintegers
2x =5y =2 19 19
Show the calculations and statements needed to complete the proof.
“4)
a Kkt - ykK 1+ 5
2
(k, -2) -4 a5
t
(k —2) + |
Tl/\C M7 i mam valae 3 / . lpo.sﬁlj"f
f‘) Vg o [[ ve /:4 ) a}f yau
lo/ ’ Pﬂ L and as € ')/\k:)(r) (32 +2j) on ok

(71, —Sj) Mn) Le .ML(jm

A AN PN g ~e pesihiee inbeqeyyl 3xkly2S

2% = | x 2%
- 2 % ,,7 (eAU@adﬂ cuwud)

= L‘l' )(7
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2x - Sq = |
v
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Question 15 continued
(Total for Question 15 is 6 marks)
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