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Answer ALL questions. Write your answers in the spaces provided.
f(x) =3x* + 2ax* — 4x + 5a

Given that (x + 3) is a factor of f(x), find the value of the constant a.
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Figure 1 shows a plot of part of the curve with equation y = cosx where x is measured in radians.
Diagram 1, on the opposite page, is a copy of Figure 1.
- ’2% 4+
(a) Use Diagram 1 to show why the equation CDS% / 2
CoSX — 2x———O j 5 x
j s ',

3"- W32

Figure 1

has only one real root, giving a reason for your answer.

(2)
Given that the root of the equation is «, and that a is small,

(b) use the small angle approximation for cosx to estimate the value of a to 3 decimal places.
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Question 2 continued

.
va
y 9 =72+ 1/2
us dx«
N » o,
N _
Diagram 1

(Total for Question 2 is 5 marks)
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W 5x* +10x
3. y= > x# -1
/ (x+1)

— where 4 and n are constants to be found.
(x + 1) (4)

(a) Show that & =
dx

(b) Hence deduce the range of values for x for which % <0
(1)
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4. (a) Find the first three terms, in ascending powers of x, of the binomial expansion of

(h-2)% e FTa 0T

o S
giving each coefficient in its simplest form. \ '/' 5'
<)
oi- — ) =
: N o =
The expansion can be used to find an approximation to 2 s
Possible values of x that could be substituted into this expansion are: =
-~
_ 1 1 2 e
e x =-14 because = ==
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e x =2 because ! =L:£
4—x 2 2
X 1 because 1 ! 2
[ = —_—— = —=a —
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2 :
(b) Without evaluating your expansion, %
-
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(Total for Question 4 is 6 marks)
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f(x)=2x*+4x+9 xeR

(a) Write f(x) in the form a(x + b)* + ¢, where a, b and ¢ are integers to be found.

3)

(b) Sketch the curve with equation y = f(x) showing any points of intersection with the
coordinate axes and the coordinates of any turning point.

3)

(c) (1) Describe fully the transformation that maps the curve with equation y = f(x) onto
the curve with equation y = g(x) where

gx)=2(x—-2)+4x-3 xeR

(i) Find the range of the function

21 .
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Question 5 continued
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6. (a) Solve, for —180° < 6 < 180°, the equation
5sin26 = 9tanf

giving your answers, where necessary, to one decimal place.

[Solutions based entirely on graphical or numerical methods are not acceptable.]

(6)
(b) Deduce the smallest positive solution to the equation

5sin(2x — 50°) = 9tan(x — 25°)
(2)
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Question 6 continued
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7. In a simple model, the value, £V, of a car depends on its age, 7, in years.
The following information is available for car 4

¢=0
e its value when new is £20000 7'
e its value after one year is £16000 =~ { =

(a) Use an exponential model to form, for car 4, a possible equation linking V" with ¢.

The value of car 4 is monitored over a 10-year period.
Its value after 10 years is £2000

(b) Evaluate the reliability of your model in light of this information.

The following information is available for car B

e it has the same value, when new, as car 4
e its value depreciates more slowly than that of car 4

(c) Explain how you would adapt the equation found in (a) so that it could be used to

model the value of car B.
3zm,ral expornbial Moded
0 V=A™ ¢

bohen Cor s naw: ZOCIZO=Ame @

20000 = A(1) .+ A=20000

V = 200008"*

Kier o yeor . 16000 200208
16000 = 200x0e”® (/)
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\'= 200002 ()
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Question 7 continued
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8. O = X (2)(X-%)
y A / J [’
A=0 A+2:0 A-4=0
-2 A=Y
x:0
Bl b .
N O\x& R X
x--2 : x=b
- 2
:j- x2("-22-8)
= 3‘27(.,2' B
Figure 2

Figure 2 shows a sketch of part of the curve with equation y = x(x + 2)(x — 4).

The region R, shown shaded in Figure 2 is bounded by the curve and the negative x-axis.

2
(a) Show that the exact area of R is ?O

C))

The region R, also shown shaded in Figure 2 is bounded by the curve, the positive x-axis
and the line with equation x = b, where b is a positive constant and 0 < b < 4

Given that the area of R, is equal to the area of R,

(b) verify that b satisfies the equation

(b+2) (36" —20b+20)=0
“4)

The roots of the equation 35” — 205 + 20 = 0 are 1.225 and 5.442 to 3 decimal places.
The value of b is therefore 1.225 to 3 decimal places.

(c) Explain, with the aid of a diagram, the significance of the root 5.442
2)
o (

0
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Question 8 continued
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9. Given that @ > b > 0 and that a and b satisfy the equation

loga —logb = log(a — b)

(a) show that

3)

(b) Write down the full restriction on the value of b, explaining the reason for this restriction.

o) loga - Iogb -
103(%) |03(0‘ b)

Q- 0-b
b )xb
)+ b2 0,

b o= ab Q o

b= b -0

b= aG(b - )2
L2

b -1\

o=ab-b’

b-1)
03 needed

Q =

26

(0.-b)

J ity egp-gp= 1

0,

(2)

2
%5(c)

b) = b*
b- |

b-\#£O ' b#]

Sne 020 w2 hnow
2/Nhn‘d5#5556m
5 70 ()

\ \o\mqﬁébe

because + _

O b-120
s b >
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10. (i) Prove that for all n € N, n*> + 2 is not divisible by 4
Vi,2,3,b ... )

(i1) “Given x € R, the value of \3x — 28\ is greater than or equal to the value of (x — 9).”
State, giving a reason, if the above statement is always true, sometimes true or never true.

(2)
V) For when n os enen
lk N -2k

N%2-(2%)° 2
< Yl%s 2 SO wher N s emen N42 & Nob claasidle
"Mb‘“ e Sine &'s 7 moe ion 0. Mulbple o
L0 2 on't Wgﬂ- @

fr i n & add
Le,(,n=2k*\ @

N47= (ko)) 2 o Wen N s odd Ni7 & noh cleasible

ATV NRY. um¢’s3mmmamww§
= 4k W)+ R L od 3 o't om&uugu

™ didsible by 4 @/
I

s because N s nob clasile by U when N & edd NG
when n s even bhic Meons N% 2 & néb odiBible
L»Sa'néﬂ\/
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e Pogf by examsian
(i) Prove that for all n € N, n*> + 2 is not divisible by 4
I,3-5)E -~ \\,2,3)01,.. @

(i1) “Given x € R, the value of |3x - 28| is greater than or equal to the value of (x — 9).”
State, giving a reason, if the above statement is always true, sometimes true or never true.

@
) |3x-28]2>2-9

3,:\3»2&1\ Y |28

& O=3x-28
Y4 -28
.28
2 2N

0, - -9 Wt
X9 N

.+ The slatemnt os Sometumes 29

bue, suce there oe poms Where

| 32c-281 <-4 00d ponls 132-28122-9

)

(Total for Question 10 is 6 marks)
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11. A competitor is running a 20 kilometre race.

She runs each of the first 4 kilometres at a steady pace of 6 minutes per kilometre.
After the first 4 kilometres, she begins to slow down.

In order to estimate her finishing time, the time that she will take to complete each subsequent
kilometre is modelled to be 5% greater than the time that she took to complete the previous
kilometre.

Using the model,

(a) show that her time to run the first 6 kilometres is estimated to be 36 minutes 55 seconds,

2)

(b) show that her estimated time, in minutes, to run the rth kilometre, for 5 < r < 20, is

6 x1.05 "
1)

(c) estimate the total time, in minutes and seconds, that she will take to complete the race.

)
- bm= (6xu) + (6x1.05)+ (6x1.05%)
00 Totad ke for fust 6 (7"‘\ (6 )@

Mywes
= 36.915 mnnkes = 36 moukes SS Secods (¢)

(60x 04i1s-54.9+SS)
b)) s%km: gx1.0s' S-1:=y
6% hm: 6x1.03° 6-2-Y4
2% hm: 6x1.0S% 7-3:4 @

! ib lhows bhak the kome for ¥ lem o 6xl.08""

w

Geomekric S2nes
r:20 oy ¥ 0:6.3
C) tobod bome = 24 mowbes + ééxl.OS r:1.0S
L r-s @ n- 16
Q lhm 0, Sa=Qfi-r")
= 20 mawdes + €.3(1-1.05"¢) -
1 - 1.0S
= 133.0u2 munutes = 173 mimbes 3 Secands (D
(60 x 00u2) &
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-
12. f(x)=10e**sinx, x>0
(a) Show that the x coordinates of the turning points of the curve with equation y = f(x)
satisfy the equation tanx = 4
“4)
);AA
0 x
Figure 3
Figure 3 shows a sketch of part of the curve with equation y = f(x).
(b) Sketch the graph of H against f where 7 f (% )
H() = |10e > sint| >0
showing the long-term behaviour of this curve.

(2)

The function H(¢) is used to model the height, in metres, of a ball above the ground

¢ seconds after it has been kicked.

Using this model, find

(c) the maximum height of the ball above the ground between the first and second bounce.
3)

(d) Explain why this model should not be used to predict the time of each bounce.
1)

.
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Question 12 continued

Q) fm,)e 10" s

X’UL)-— -0.25(10€°%) S + cosx (10e°F)
- -2.550%€° %" |0wsre O @)

O = 25502 %"+ 10ws2e® "

= @2 (-1.Sswm + 10 @) 0
2 %P0 o -2S3ms 10w =0
A |OCBa = 2.S SNz
(Ejeck because 10 _ s ()
no Solukion 2S5 (s« SOX _ (na
\ o
~— tox - b ps neacld
b) n .
0, omech shape
/\/\/\/‘\ o
0 +
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Question 12 continued

&)

e tenz = 4 {ox
X ton"'(k) 0 J
\ * 1.326 |
0 b w7 ' :
[ LU f
l
[

0, l

| |

H(W57)- 10€ 22 ™ X s 57| < 3.18m // / ,
@ )

)
The tumes bobueen each bonc hadd nb bhe Saie

(Total for Question 12 is 10 marks)

37

R U 000 O Turn over
P 5 8 3 5 3 A 0 3 7 4 4



PhysicsAndMathsTutor.com

13. The curve C with equation

B p—3x
B 2x —g)(x+3)

% xeRx#-3x#2

. 1 .
where p and ¢ are constants, passes through the point (3, —) and has two vertical asymptotes
with equations x =2 and x = -3 2

(a) (1) Explain why you can deduce that g = 4

(i1)) Show that p =15
3)

VA

—_— >
0 3 %._s X

Figure 4

Figure 4 shows a sketch of part of the curve C. The region R, shown shaded in Figure 4,
is bounded by the curve C, the x-axis and the line with equation x = 3

(b) Show that the exact value of the area of R is aln2 + hIn3, where a and b are rational
constants to be found.

®
Qo) Ver&ueasambubezm (T2-9)(x+3)=0
/ \
Mm-g=0 X+3:0
Qx=q X=-3
@ J -2
AVAR']
£ Q=4 03 feedd
= ;.
09 3 a-wse) 27 12
- P-3» P9 / é{i=2-q 0,
T2 < 6+9
(23)-4)(3+3) . P-1S as needed

v/
et 0 (3%)

P 5 8 3 5 3 A 0 3 8 4 4

38

PMT



PhysicsAndMathsTutor.com PMT

Question 13 continued

b) 3 IS - 3o
(Zn-W)(A+3)
O=15 ~ I
Jewqes) | 1532 . A [ 8
(-3 (ey)  (AD)
O:15-3%
3x: 1S 1S-2ac- A(A+3)+ B(22-1)
xX=S n-1:=0 D =2
lek x--3 = 8(-10) |lgh 2-2 9-3A
o B=-2. b AL
IS- 3 1.% ? L

) O+
(-1 (At D) (’lﬂt '-Q@(?u’s) J%T)dx n|3}+c

s S
2.4 9 1211 7.
L““’ m”olxx {0‘1 |2t} ?w\lml
() 2x- (2)= 243
35'(«» 2 :gwoy 1 0
L%. 0.9 2L - 2.4

: 0.01(/\IZ(S)—M\-?-AMISBl-[0~0](/\|2(37"-+|~7»Lt(/\|3’+3)]
= 0.9n|61-2.41n181-0.9n]21+2.4]6]

3.3Wl6l-2.4(nIRl- D42

3.3 (1131 hi2))-2.uh|23) - p.ahlz|
3.3nI31+3.30lz|- 2.2 i2|- 0.9 2]
3.3h13) -4.8 Wizl ()

1) ]

O

(Total for Question 13 is 11 marks)

41



PhysicsAndMathsTutor.com PMT

14. The curve C, in the standard Cartesian plane, is defined by the equation

. -7 T
x=4sin2 —<y< — )
SRR &
The curve C passes through the origin O 3
d 5
(a) Find the value of . at the origin. =
dx rm
2) o
Z
%
(b) (i) Use the small angle approximation for sin2y to find an equation linking x and y ok
for points close to the origin. >
(i) Explain the relationship between the answers to (a) and (b)(1).
(2)
(c) Show that, for all points (x, y) lying on C,
dy _ 1
dxr  gb—x* M
where a and b are constants to be found. /
3

2,
o
=
Q
o]
=
=
o
i
2
=
2
W
>
)
m
=

P 5 8 3 5 3 A 0 4 2 4 4
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< Shiz+ @05 |
dx = s %Ln"zay cos‘23= |
X= L»smlé

X" 1650" Ty Y
~ lé(l—coszl:))) Wﬁ %23 - Z:j @

L x JI¢
= 16 -16cos* —
X ‘Lélj wsz:) @ %‘58\11-% xJ1¢
16 ly= 16-x*
J7E .
22, - l ____ =
< / 8llg-a
WBon= || - X
J ic |
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