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Advanced
Paper 1: Pure Mathematics 1
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(YBu must have: Total Marks
Mathematical Formulae and Statistical Tables, calculator
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Candidates may use any calculator allowed by the regulations of the
Joint Council for Qualifications. 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.

Given that 6 is small and is measurcd in radians, usc th

¢ small angle approximations to find an
approximate value of

0

i g e
N i e S e s

oo

1 — cos4d
20sin 36
3)
A&Sumq Aot 20 ond 4O < | .
| - cosu4e = - (| - £(4ep)
= | - (Vv - 861)
- L~ ) + ge*
- ger )
208,36 = 26(3) ‘
] = 66 o -
5 ) - cosu0  ge~ R
26 Sin36 = _ pe? -6 - 4
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’?:_ 2. A curve C has equation

y=x-2%-24lx, x>0
§ o W

(a) Find (1) i

'l Ly

i (ir) d?

(b) Verify that C has a stationary point when x = 4

_f (c) Determine the nature of this stationary point, giving a reason for your
‘ (Q)_(l\ ,52 ,A,Ct_:,?f,:,ZQQ,:ZI,-kJ& = axt-20c¢ -
| Ay o S —
dx = 2-0¢ - 2 —L(24- T)oc’
\
.z 20e-2 ~ &
: ga I o
(T\) q= = L 2e—-2 - E
= 200 -2 - |12 x?
R i,
It T 270 (2=t
= 2 +* =
' dy _
j (b) When a= &, = - (2"4)‘
' 2
D %c - Y®-2- 7
| = - 2- 6
=z O
Ay - R
F &= =0, Has  pant s
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Figure 1
Figure 1 shows a sector 40B of a circle with centre O and radius rcm.

The angle AOB is 0 radians.
The area of the sector AOB is 11 cm?

Given that the perimeter of the sector is 4 times the length of the arc 4B, find the exact
value of r.

)

BB leogv b AR = B

Ama, ,0«9 AR = —“iri 9 .

Lgh € 0A + A+ 08" = 4 Sl of AT
9 raecax @ = kO

5  (2+6) = 40

2 2 =36

2 ©

S 6= 7
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_ 21n(8 — x) meets the line y =¥ at a single point, x = .

4. The curve with equation V' =

(a) Show that 3 < @< 4 )
VA
y =X
\
4.
| y =2In(8 — x)
| .
% 4 \ X
Figure 2
Figure 2 shows the graph of y = 21n(8 — x) and the graph of y=x.
A student uses the iteration formula
X, = 2In(8 —x,), neN
in an attempt to find an approximation for a.
Using the graph and starting withx =4
(b) determine whether or not this iteration formula can be used to find an approximation
for a, justifying your answer.
@

(Q\) \Q j: 2 In (8"‘1) - X, Hhen
7.\(\(8-JC) -2 T\ - =0 aX 5 = &£ .
Lex k()= 2\a(8-) - .

10(3) = (Qn8)- 3 =+0-29
F(w) = 2k -4 = - 1.2271

The Rmc.\%w\ S conhinvows andl e c\nomS(
" S]gi\ l)e\'ﬂun ,G(B) anch  L(Q) Shows Hak
3L x & %
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Question 4 continued

(b)

The  cobweh on  Hne oh  spirds
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(Total for Question 4 Is 4 marks)
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t: 5. Given that

show that

. 3sind Ty i
© 7 2sin0 + 2cos0 4 4
Y ’f’ “Zeh< i
df 1+sin26 4 4

where A is a rational constant to bc found.

Use +he

Sl g6y - £y Joy
@™

, et
quobant Ul = -

g—

2608 + 2cos6 .

»?(935 3787_'\@ R ” 3(6) = 28/0 4+ 20056 .
5 £ = 3ces0 5 3'(@) = 2co86 - 280

N O%i = 3(:086( 050 + 2coiB) - 3cind(20s0 _2.606)
oc — ,

= ((‘,ST;\'G —@6 + 600516) - (65?/\ Ocosh) = 653n6)

(288 + 2cs6)?

hsin®@ + 88O cs®  + ucos*d

= bes*d o+ 65in0)
) (q_ S0 +_4oos‘9)+(§s?nemsﬁ)

—
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Figure 3
The circle C has centre 4 with coordinates (7, 5).
The line /, with equation y = 2x + |, is the tangent to C at the point P, as shown in Figure 3.

(a) Show that an cquation of the line P4 is 2y +x = 17

A3)
(b) Find an cquation for C.

C)
The line with equation y = 2x + &, k # 1 is also a tangent to C.
(¢) Find the value of the constant k.

3)

:,(a) Snce L s o« fangead  fo C, e
! [fne PA Is  perpendlic viekr fo L.

Thot S, My Mpa = - 1.

Mm, = 2. ) as .?W Hre QQUCLHOV\ j—:l':c-rl .

y= 3x +cC Use (7.S), wich it o Huw
[ine ¢
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| Question 6 continued

: (b)
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D + 2(2c+) =17
> S +2 =11
= xXF3 —
=) 5,,:‘ R
Rodios of C = |aP|\ |

Therfore , Mo qquabon  of  C s

= xfyms)t = 200

The fengent  meedr ot O0A + DA , e

cgposn‘e ~pont b P on C, dencke  Huic ot

Q'S5 o ordinakes 7.5 -
Co-o0 e <Oj{ )‘\'G‘*PJ??—),

iy,3) Sobstime e mbo

3:=( -l) +k
= k= -19
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1. Given thatk € 7

e T

3k
(a) show that j

(b) show that J.

(3x -

r (2x -

,,,,Tn.dc.?,e.no(%_)' o B

0y S}_
| S Qo) "

D dx is independent of k,

e dx is inverscly proportional to k.
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8. The depth of water, D metres, in a harbour on a particular day is modelled by the formula
D=5+2sin(301)° 0<1<24
where ¢ is the number of hours after midnight.

A boat enters the harbour at 6:30am and it takes 2 hours to load its cargo.
The boat requires the depth of water to be at least 3.8 metres before it can leave the harbour.

(a) Find the depth of the water in the harbour when the boat enters the harbour.

1)

(b) Find, to the ncarcst minute, the carliest time the boat can leave the harbour.
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(4)

@ D= S+ 25t (30" - 65)
= bL.4fn

) 3.8 = S4 26a (30&) I

30

The  lowest  valve & ,{: o bedowo( rﬁ‘ 78‘ : |
15) 10. T ea , Thie dronslodes  as
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Figure 4

Figurc 4 shows a sketch of the curve with cquation x* — 2xy + 3y? =50

(a) Show that CF .
dx 3y—x @)

The curve is used to model the shape of a cycle track with both x and y measured in km.

The points P and Q represent points that are furthest west and furthest east of the
origin O, as shown in Figure 4.

Using part (a),
(b) find the exact coordinates of the point P.
®)
(c) Explain briefly how to find the coordinates of the point that is furthest north of the
origin 0. (You do not need to carry out this calculation).
)

4 4
@ S - doc LX + =3y T 5= SO .

2 Ptk e e— -13~Ho3

= 2x - %h "23 +b‘j%§ =0

_ &
oy 2x-amy = 7@ (by-2x)
& ‘5 23—-7.1 _ Y-

=) ae = =
Bj-lx 3y-
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| Question 9 continued

) Fr @ ond Q,Z=m= D,

mm‘.ﬁ 33 -oc =0 ,

59-4' &= 3\5 ) SObSH"‘U"ﬂ
cove equeNen .

(3331 - ?—(3333 +345 =50
> qj"-— /6:11‘,—:—33"' = SO

Take

?

D s +SJ§ wnan \‘.): + G
D s est west,  So e co-ordinckes |
G2 ("S.J? ) -‘\Isf)

| (C) Tha A,fm+ _ Norh _pQI/H', gecers when

‘ % :O) or, \\j=0<‘—

Solve e Simwlbeneoos  2quakions  Jor
= and oct — 2:r_j + 337- = S0 , ond
Choose.  the positive Solvbon
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10. The height above ground, Hmetres, of a passenger on a roller coaster can be modelled by
the differential equation

dH _ Hcos(0.250)
dt 40

where ¢ is the time, in seconds, from the start of the ride.

Given that the passenger is Sm above the ground at the start of the ride,

(a) show that H = 5¢c0!sin(025)
(b) Statc the maximum height of the passcnger above the ground.

The passenger reaches the maximum height, for the second time, T scconds after the start
of the ride.
(c) Find the valuc of 7.

@ odH  Mcsfosty
oe - 40

0-15in (0.285t) +¢

When t=0, H=§, So We  \howe
g 4C

S- ¢ =) Cc=hS.

5) H: SQO"SM(&?{E)

A

(3

(1)

@)
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| Question 10 continued

&
E (b) max [Se
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11. (a) Use binomial cxpansions to show that J-‘ ik |+ é.vc - éJ(’
|-x 2 8 (6)

A student substitutes x = 2 into both sides of the approximation shown in part (a) in an

attempt to find an approximation to J6

A 1
(b) Give a reason why the student should not use x = 5

(1)

1.
(c) Substitute x = ﬁ nto

1+ 4x 5 5
=l+—x——x
l—x 2 8

to obtain an approximation to J6 . Give your answer as a fraction in its simplest form.

3

@) [iex = (i +4x)%' - ( ;-x)“i

Q -rl-m)'i = ‘f(‘li © toc) +((1L 'z——ii) -C’-wc)l)

(-t = 1+ +(E2) - o)

Grux)yt - (1-2)"
= \ +(21+3‘_-9¢):G-2_xl¢3c11—%—x1) + ...

S
| +‘S-,:3C - g‘oc"'

1

(b) Tha eppression 18 m\j valio Qow' \x\L,’Q
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12. The value, £V, of a vintage car 1 years after it was first valued on Ist January 2001, is
modelled by the equation

V=dAp'  wherc A and p arc constants
Given that the valuc of the car was £32000 on Ist January 2005 and £50000 on Ist January 2012
(@) (i) find p to 4 decimal places,

(i) show that 4 is approximatcly 24 800

4)
(b) With reference to the model, interpret
(i) the value of the constant 4,
(i1) the value of the constant p.
)
Using the model,
(c) find the year during which the value of the car first exceeds £100000
4)

@\ ()  32000= pp*. , S0000 = Ap"

| 50000 - - |
o'z e D pm 1058

N A A - Be=
) Ap =3oco 5 A= T &

= £24799 ~ £ 24900

G)) (’t) ’n\e uo-kuz o.Q e cor e on O\/0i/2c0)

(v The > ,\m;(—c of  inerease of He Car'S

volve .

€) 100000 = 2430 (I. 068E)

100000

€2 o9 oeg (—{;;; - 21.8

The ars  yoloe wA\  exceed FA\OQ000 54
20'2,7—
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13. Show that

2
J 2xVx+2dx = -:%(2+\/E)
0

.
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14. A curve C has parametric equations

X=342sint, y=44 20082, 0< (< 2n

() Show that all points on C satisfy y =6 — (v — 3)’

(2)
(b) (1) Sketch the curve C.

(1) Explain briefly why C does not include all points of y=6 - (x=3)", xeR
(3)
The line with equation x + y = k, where k is a constant, intersects C at two distinct points.

(¢) State the range of values of &, writing your answer in set notation.

)
) CoS2E= | -2sin*k

= Y= 4+ 2- GSn™t = 7 thooste
6 = (x‘z)l - b- ('ZSTn‘tY-
= 0= 4sintE
= LeastE +2
—:7 5 ey 6 - (9(‘.—3)’1 -
b) @ .
&
7 (3,19)
6 =
S / \
4
) (1) (s®)
1
\
0 4‘ ‘l 3' "‘ ‘;- ©

W) A OececrT, | &£ £5S.
(Becwe é spc - < Sint ¢
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Question 14 continued

@) oCty=f anck y = 6 - (x-3)

b-c= & ~ (oc~3)1
=) h= _oct +7x -3
D mX" ¥ Jx +Q@ ) = 0.

SO(UH% on \\3 e ASAS wWhaen b1~ Lbac 20

b2 - o 49 = (4 - @ (a3 +0)
LG— 12 — 4k

= 37 -4 20

noj

37,
=) . € "4 .

We also  howe Hhot 27, as a lower

valwe of B ¢ Aok Tndecckpy  Man
vrve  hace | (SEJL Hre jﬂx?h) .
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. Question 14 continued

Tharefore, w2 hon€

k= 5{\@:‘74\@43—}3

(Total for Question 14 is 10 marks)

TOTAL FOR PAPER IS 100 MARKS
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