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Paper 1: Pure Mathematics 1
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( You must have: Total Marks
Mathematical Formulae and Statistical Tables, calculator
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Candidates may use any calculator allowed by Pearson regulations.
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.

® 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.

® Check your answers if you have time at the end.
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Answer ALL questions. Write your answers in the spaces provided.

f(x) =3x* + 2ax* — 4x + 5a 8

Given that (x + 3) is a factor of f(x), find the value of the constant a. é
3) =

AN + ] : +R= 3
m

~xz=-3 is avoot of £(x)ss #(-H=0

sub in ‘L:-—-Sg s 3

7

F(-2)= 3(2)" *2a(2) -H(2)* 5a o >

0 = 3(-27) + 2a(a) —-4(=3)+54- toget a value for | £

0= -8 +18a t12+5a o

-49 + J¢ USE RIDMAS I

s 6122305 .0, sindices fiest!
o s=e “thencollect like terms
e |
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Question 1 continued
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Y= 276‘\"% Figure 1

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.

(a) Use Diagram 1 to show why the equation

cosx—2x—l:0
2

has only one real root, giving a reason for your answgr.
2

Given that the root of the equation is a, and that a is small,

(b) use the small’angle approximation for€osx to estimate the value of gto'3'decimal places.

(€))

=0

—1
2

> ranae W nsS
1\ L= COS” ond u=2xa\
J 7 2.

2 then set MeM poth 0
eoual o eachsther 6 Find ther gmg

of intersection.
= |
Z— Y wtercept
gradvent (D
M__
(solution is circled on WQKD
- y

I
Lod
3

4 R O
P 5 8 3 5 3 A 0 4 4 4

VUV SIHL NI SLIHM 1ON 0G

S

SRS

[

S

"0 "0
Ni 3
X X

T

-

-

%

_,
i
0%

gae

o000
JFON-OQ
SORILHK A
RRRRRLRKL

00
Wl
2%
%

(]
?‘\.
X

)

SRR
4V

J

KL
5

2K
RRRRRLRRL

L8
e
RIS

'0
o35S


srishti
Line

Highlight

Highlight

Highlight

Highlight

Highlight


DO NOT WRITE IN THIS AREA

DO NOT WRITEINTHIS AREA

. DONOTWRITEINTHISAREA. = = =

r

Question 2 continued

(Total for Question 2 is 5 marks)

VA
1N
\ / AN / R
NEAEED N4
N e
Diagram 1
2
<
2 ,
Griven in the formaug
=« / booklet:
CosL -2:1——_2)-_ =0 r\\ ! S@\\ rms\,e oppracwation
2 Sﬁ\@&ﬂ-
[—2¢ _Q0c—1 =0 O
Z 2 o z
/b0 gt Tid of tonf 4 B
2 _n € £ u-\-,i ns
2—2"—4Yx —1=0 g g~
LA =2t —Ha 1 =0
22 by V=5 (1) Leorn This D
7 6o —
L . .
ic & A
Solve forx: 4 .
x= (1)) -lax) x 1)
2(1)
x= — 41 Lé_"’_‘( = L-LJ_—__Q—'\' 2
2 2
Qereet neadivee— = —U8-J206 — —25 = Lo
e Wilues 2
~/ z = "'"H\Ej = -Z*E = 0»226---
. x=-2+5— 0= 023 (asf) 2
Onl.g Yne posHi\le soludion 1S« w mte G0N 18 i

Grat quodfant - all postive.
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5x% +10x
3. y=—— x # -1
(x+1

(a) Show that & = 4 — where 4 and n are constants to be found.
dx (x + 1) (4)

(b) Hence deduce the range of values for x for which % <0

(0))
cQ Simce this iS a dwWiSON ,we Can use the ) ule or
the g‘hg'm fg]g‘ (we will use the Quotient ruie)
Quotient rule: Given in the formila oso¥et:
@) - ') ol) - $60)d &)
900 (g (x))?

2
usS5x +102 u'=10z 410

—

VT (x)® = aPalan v'z 2242 @

Substitute in wu, v, v \oock into our formula®

210 = [Cort10) (etd® | = [(B?+i0:) (2wt 23)

[gz-n)z_} z ® )

$'(%) = [o=+16D(x0)xsi)] L(Bx%r10x) x2 (241

(ett) (e ) (et ) (x4-1) concel ook

(oY)
$100)- [(0x-10) (0] = [Boe? v10)x2] (1)

e+ 41) (et 1)
J

fackotise
3 (27+2)

expand brackets then

samp\\'{-;s.
£(x) = [rox®—10]) -Liox*+ 20]
(z+1)*®
) = A =10
,,—-H—® n=>
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Question 3 continued
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(a) Find the first three terms, in ascending powers of x, of the binomial expansion of
1
4—-x
giving each coefficient in its simplest form.
“4)
The expansion can be used to find an approximation to 2
Possible values of x that could be substituted into this expansion are:
e x =-14 because ! = ! = ﬁ
Ja-x 18 6
e x =2 because ! =L:£
4 —x 2 2
1 12
e x=—— because —=—+=—
2 4—-x 9 3
2
(b) Without evaluating your expansion,
(i) state, giving a reason, which of the three values of x should not be used
1)
(i1) state, giving a reason, which of the three values of x would lead to the most
accurate approximation to J2
4 (1)
Q)___I o 1 = (4-x) “>Supstitute tis o binomial fof mulq
V-2 (4-x)% N —t i} N
Syt [y -2)]%= [f (-2 =4(
= [A0-%)) %= [ (-5 =703
Given in the formula booklet: (ix1 <1, ne ®

(4x)"'= (4max + nln-V Fa. ann-) (-ctD, .
| X2 IXZX..-¥ ¥

Nn= —| x==%n @
2 Y
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Question 4 continued

{ {rom the forvula

~L
b)1) (\i—z\ 2 (|xle)
2 L(/ Sw

s FX) |
i 4

U
xX=

S

“x
4 = |_xl <&

(1)
U

",'.'\
Conclusior> Since  |-M =4 and 14>4 ond Hnat does et

meet Ahe (x(<r requirement , FE=I4TgRsR\d

not be used.

0

(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

h(x) = —; 21 xeR
2x°+4x+9 4)
0) £ ()= 2x+ux+qd = €R
CompleﬁvxS

eh) = 2(x2+25)*3 <y Sopare (D
Q-(x) = Z_(x-tl)z—Z"rq O

) = 20ea) 20

b)@g, 'mterc_ep’c 098 (2 2 wtestept —> y=0

2
O=2 (x-tD +4
@ ‘tU.'(flirs Po‘ﬂ‘\t Z(x*g)z— = -+
‘Pf w rt o« + = =7
om  pa z_g\__ (= +1) z _ :
£@)=2(x+) 47

x-t\j/ \L
(-1, 3)

10
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Question 5 continued
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(0 .9)
QP @
S W >
v

A1) §460 = 2(x-2)*+4x-3 x€R.
£60)= 284419 £(x-a) —J7<<cx>> trouns lation

(0 262+ kD (x4 — (0 branslobon
£(x-2) < 2(x-2)%+ §x-€+9 b
Flx=2) = 2(x-2)*+ 4x+]

LD = 20 -2) ux+!
9(x) = 20x~-ND%44x -3

g(x) = {’(x-z()ﬁ-:(ci;zw—izz (%3_(‘9 @
£(x) is tsansformed fiqWd by 2 | and down by 4 . Overal

bransformation ; 2
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Question 5 continued
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s

6. (a) Solve, for=180° <@ < 180°; the equation

5sin20 = 9tan —= A\g e\)faic maﬂn‘pu\oﬁ on
giving your answers, where necessary, to one decimal place.

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

(6)
(b) Deduce tESTHAIESEPOSIGVESOIIGOR to the cquation

5sin(2x — 50°) = 9tan (x — 25°)
(2)
a) S5oin20=0tan b

5 (25 9(.039) =94an0

O st oD =4 Sin )

cosO (D

2:Q$‘\

10 5ind cos’@ —q<in@ =0

sin€ (10cos?§ %) =0

 eithermsm@E0 or mIOEssiO==0m (| )

i 0)79 - 10 cosZO =q

=0° cos?0= 9

10

—

050 =4]9

Vio

cos™ [:.‘3 \

\ {10/ —
iy L

o L

Ov " \ sanqge: S \ 'y
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Question 6 continued

y= cos(x)

A w v
Fﬁ@ QQO

J
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Question 6 continued
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Question 6 continued
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. In a simple model, the value, £V of a car depends on its ag€, £ in years.
The following information is available for car 4

e its value when new i§ £20000
e its value after one year 1§ £16000

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

4)
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.
(2)
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.
. 1)
a) V= Ae™ —> similar 1o y=e* moda @D
At t=0 -
klo
V=20000-A e
)
20000~ A ¢
A = 200009 (D
e
kt
V=20000e
A t=!

v= 16000 = 20000e"?

16000= 20000e” (1)

ek" 16020 — le:ﬂ
2000p 20 B

In(e = 1n (E‘)
nly

K =-0-2231Y... = ~0-223 (3s)

Kt —0.
V=he“—> v=20000e0%3t (1)

Y
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Question 7 continued
b) t=lo —0-223(10)
V= 20000¢€
V =421Se @

S — —
| 7 O

C) dince car B Wos the same value as A when mew owr AN
Volue v the V=fpe™ equation will re main theSame .
Buk Sine ¥ae valwe of the car deprecickes more SleudyliK
woudd hove 4o be gnodelismaller Hran -o-zz%.@
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Question 7 continued
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Question 7 continued
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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.
. 20
(a) Show that the exact area O-IS T

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, i equal to the area of K, _, 2
> 2

(b) verify that b satisfies the equation

(C))

(C))
The roots of the equation 35 =205+ 20'=0/are 1225 and 5.442 0 3 decimal places|
The value of b is therefore[1:225t6'3 decimal places.
(c) Explain, with the aid of a diagram, the significance of the root 5.442
(2)
= (2, -{) —> \on. 2¢O
x= =2
D) gl
v - (s e 5Ty
- -2
\___ 2 ond x-axis

expond f-;\ls before inXacohing -
1 J J

>

22
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Question 8 continued

o
JZ 2,2—2%2—?7:. dx
-[—L%“—cz—'xg—sz,z:)o @
|z * 3 2

- (0)- (l(~2)"—-§-(—2)3—4(-2)‘) < Subin 0£-2 lsins

4
oy O
3
= _ZSQ <—asrcq,wlffd®

b) 5‘0 7(,3—21Q" 9% do = “_%Qgp"‘”“ Q
o)

i rearsange ownd Simplify

Sl 208 ul| = - &
[ﬂ" 3 o 3

IR S IR Y A
53 S

oy &

Il - %53— Ky -0= £

3! — Qb — kg =90

361 Q> -4 b’ 0" 0

—

(br2)” (36" =206+ 20)=0
(b2+ 4b+4 ) (362 20b+20)= 6
- 20> +200°+12b° ~€ob + fob +12p° ~ ROb + 86 = 0

- o’ 48 om0,

Goth  equations are €qual so e hawe cocredly verfied that b Sokisfies
e uakion.

CQ 23
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Question 8 continued

<)

xs=2 0 R =4 x

Figure 2

S; b
mee Ri=R 5 wdxe= -Z0 b=1.225 and G442

° > Lfom 4ne a,-
229
s.4y2
dx = -20 —> dx= -20
X ° 3 So J k)

T\'nc 'ne’c orea between oand 9 442 \3 the some as

the area between O an \'ZZ5 becaus S gdz and Ssuuz

concel out
[> J"“S.aay. =2 (D
(v}
3.442
J Bdl = O
1225

SS-‘!‘(Z 120
o 9T
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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

(&)

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

(2)
a) loga - logl = loga -b) Use laws of logarithm

log (%)= tog(a-b) ©

Qa4 - 0-b
b o b,L ’\
4= 2 Simphiy ond reaffange

b'z = 0b-a
O

bZza(p-1)

L e required.

b— @

2
b) 0= b
b-1 ? the denominator cont be O  b-1#0 so b#l
L—> and eince bz (o e\\uhgs posihive and a must be
positive ,the denominator must also be posinive

so b- 120 (D
—
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10. (i) Prove that for all w € N, #* + 2 1s not divisible by'4
N2+2 —> srokewmerdk @)

(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)
) Since MEN —> m con eithew be even of odd.
- when mis even let m=2k o
mt+2 = (2k)%+42 @

= Ykt42—> ot diyisible by 4

So e statement isn't true for even values of n.

—wWhen nis odd  let m= 2K+
nt+2 = (k1) +2

Uk P44k 142 CD
“k? +uk+3

Y(k*+K+3 —> Not divisible by4

S0 the Stotewent is alSo mot true for odd values of m.

Conchusion 2

Since  m™+2 isnt divisible by 4 for both even integers oand
for odd integers, m*F2uisa't eivisible oy A forall -

W) 13%-28l = (2-9)

A3
Deaw the graph of lbsth: 2
& q ye=z~9
= X~
Y= Zx — 28 J & a7y S
Y= - 3xrX /’ﬁ 3 =
© U &,

The otement >  sometimes true  because there ore peints

where y=x-ais greater than |3z-28| buk # is also smaller ot
SoMe-porAts:

P 5 8 3 5 3 A 0 2 8 4 4
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11. A competitor is running aj20 kilometre race.

She runs each of the first 4 Kilometres at a steady pace of 6 minutes per kKilometre.
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 thg 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 x 1.05"
(1)
(c) estimate the total time, in minutes and seconds, that she will take to complete the race.
24 4
0) Total time = (6x4)+ (6% [-05) + (X -052)
= 36.9\5 —> 3@ minuke s 55 Second'S — as recw:med

S

54

b) SMm — 6><I»t>l.-'>G W 6x\-05
6Mkm —> € x 165 =6 X105
P gm— 6 X o5 4= 6 x l.c;‘ss

- )
Hence the blime fr the ™ km is 6>(I-05f . min O

C) Total ime = time for first 4km  + 4ime for e last \Cm
tme for first 4km= EXY = 2’1 ™mn @
time for e last Kkm = 2 (éx‘ 65 )mm
r= Given in H Bookiek:
@‘lzotul, time= 24+ gc“)(l'()sr ") @2::::&; 9n =0 (1-¢")
=S Sequende |-
@ = o+ €3 (1-1.09')

1-(t05
Total dime = (F2minutes and 2 3ecowds
—
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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)
y A
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 # where
_ —0.25¢ o >
H(?) |IOe Sm):' t=0 ( ).c \(o CPO-@‘\'. S\Vk.t\
showing the long-term behaviour of this curve. 7 Leb ‘e z
(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)
~6-25¢
o) $@) = loe Sin g
-0-25» . ~0.25%
-F((x,)‘-‘— -0-25 (IOe Sinx t+ Cosx (lOe )
= -25simxe %+ 10 cosn e ¥ @

- —0-25= -0.25%¢
0= -26sinxe + 10 cosxe®

O = e %% (~25 sin +10csx)

34
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Question 12 continued
-0-25%
O= e (- 2:S sinx + 10cos=)

&/ )

. - 0025
either e *Z0 or  ~2-5sinx+10coSX =O
-0.25= _
e =0 I0cssx= 25 sink
L) hos mo sowdion 10 - sinx

25 cosx
4 = tan ¢
\>ag req uired.

Q) 4an (x) =4
= = tan"'(4) CD

=1.%2( b 1—6 (tan repeats every 180>)
= 4.47 ¢
O
~0-25 X447
(44D =10 """ sig ‘M?) --, -3175| = 1348 m(3sh)

om— Ly g

d) The Yimes between cach bounce should mot skay the some when
the heigits of cach bounce i3 getking smaller.
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13. The curve C with equation

B p—3x
- 2x —g)(x+3)

% xeR,x#-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

e

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

(i1) Show that p =15
3)

VA

=V

\
*=5

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.

o)1) @r-q) (x+3)=0
¥ J

®

2%-9,=0 2+3=0
2(2)"%’—'0 z=-2 @

H-4. =0
=4 —> a3 required
q/__j_“. e‘if““(e () Sub vn Known coordnotes 4o find P

Wou= __e-3x — (3,-%) —> | -_p-3(
(2x-9)(x~+3) @ 2 @3)-4) (313

_L—_ _L_—q

2 2 CD

6 = P~q =
P =6+4=15 P
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Question 13 continued

b) finding Hhe x intercept:
Y= 15=3z
(2o -4)(z+3)

0= \S5~- 2%
2x=1S
2z =5
Use pafkiad Lsachons
sehk o fsachon:

L‘:-’"g:x; = _A 4 8
Cr-®(z+2) (@) @9 @

15-%3z2 = A@+r2)y € (22-4)
let == =2 —> gots A0SO

15-3(-3) = B(2(-3)-4) +0A
24 =-10p
-2.4 = 8

let z=2 —> SetS @ 45 0O
15- 3(2) = A(2+43) t02
a = SA
9 _A=18
)

15-2x = _1.8 _ 24 G)
Ga-W)(xtd) (Qx-1) (249

55 1.8 _ 248 dx = [O."’\ In ’Zx—‘(, — 2.4 |n‘l+31jg
J(2x-0)  (z43) 2
0
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Question 13 continued c, MP\‘% :

- 0910 |26)-4| - 24 ]3| = [091n [2(3)-4|- 2.4 1n 1342 |

02 nl6)-24 1n18\-0- Q2!+ 24 1n\el
= 2.% \nlgl-241nl18\ - 0-9n [2)

9

2.8 (I3l +inl2l) =24 (n 123))- 0-9 Inl 2\

]

3-8 (in131) + 33 (120) + 72 (ml2l) - 0-a at2l)

= 2% \nl3l — 4.8 \n |2} @
——

40
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14. The curve C, in the standard Cartesian plane, is defined by the equation
. -7 T
x=4sin2 —<y< —
SRR G
The curve C passes through the origin O

(a) Find the value of % at the origin.

2
(b) (i) Use the small angle approximation for sin2y to find an equation linking x and y
for points close to the origin.
(i) Explain the relationship between the answers to (a) and (b)(i).
2
(c) Show that, for all points (x, y) lying on C,
dy _ 1
dxr  gb—x’
where a and b are constants to be found.
3

Q) z-= ‘13311(25)
dx - 4 (2 cos(23)>

dy

dy - lrde -1 & reciprocal
ol x )

Ly

oly £ cos 23
ot 006> i e —
ol 8 Cos(o) Lﬂ’

b)) Sin xze (D i) T value Houad in o is the gradied

of the Line found in b .
Sm23=2«3 ®
%= Asindy

x=4(2) —> 1=y
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DONOTWRITEIN THIS AREA DO NOT WRITE IN THIS AREA
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Question 14 continued

C) dy-_1 Rearrange and Use
dx 8cos 2y +rig {denities
v A L[ oM 23

2" = sin 2y

2’ =16 (- COsz%)

2% = 16 16 cos? 2, CD

6 C05223 =16 ~2°

Co.9223= ; _’i‘z

cos2y = W < Sub this pack \:oo%,_
P -

dy 1
o gii-=

P T
e

_@ |
dx lec—z‘z CD

o= 2 b=l

P 5 8 3 5 3 A 0 4 3 4 4
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Question 14 continued

(Total for Question 14 is 7 marks)

TOTAL FOR PAPER IS 100 MARKS
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