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Answer ALL questions. Write your answers in the spaces provided. 
1. Given that 4 is small and is mcasurcd in radians, usc the small anglc approximations to find an approximate valuc of 

1- cos40 
20 sin 34 

(3) 
Assume hat and 

Cos 46 (1-t(40) 
(1- 8e) 

8e 

24 sin36 24 (30) 
642 

cos 46 
26 Sin 336 

86 
69 



2. A curve C has equation 

y =*-2x - 24/x, r>0 

dy (a) Find () dr 

ü) dr (3) 

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

(2) 

(c) Determine the nature of this stationary point, giving a reason for your answer. 

(2) 

(a)) 2 -24 2 -24 

2 oc 2-(24 -£)x 

2oc 2- = 

( 2a 2 
2- 2 -12 

2 0(2.t) 
2 t a 

(b) When (2 (2 4) - 2 - 

8 2 
2-6 

his pint s Staionay



Question 2 continued 

When C4. 

d 
odoc 2 +J 

2 
2.75 20 

d 
he Stohonarysin dc 

Minimum. 

(Total for Question 2 is 7 marks)
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3. 

rcm 

rCm 
B 

Figure 1 

Figure 1 shows a sector 4OB of a circle with centre O and radius rcm. 

The angle AOB is 0 radians. 
The area of the sector AOB is lI cm 
Given that the perimeter of the sector is 4 times the length of the arc AB, find the exact 
value of r. 

(4) 

Len AB re 

Area ofF AoB e. 

Lengh of OA AB + OB 4 leng of A 

(2 (2) 
2 +0 

4r 
46 

2 30 

the omulo areo 

Iem 

33 

33 Cm 
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5. Given that 

3sin 
2sin0+2cos0 

show that 

A 

de 1+sin 29 

where A is a rational constant to be found. 

6) gfo)- o) oy 
Ose thn quohient le 

3sin 
2ine+2cos6 

fe)= 3sine, 
fz 3cas6

) 2 Sine + 2cos6 
ge) 2case - 2 Sin 

3cose( 2st+2cos6) 
doc 

3sne( 2cos0-2n6) 
(2Sin6+2cos) 

Sine cos6 6cos*0) - (6sin ecoso 6sn ) 

4+Sine + &sín cose +4 cOS 6 

6 cos 6 +6 sin'6) 
(4 Sin0t4cos*E){8 sinGas0) 

4+4sin 26 +Sin26 

whicn eqie fbrm.

10 



D. 

Not to scale 

Figure 3 

The circle C has centre A with coordinates (7, 5). 

The line , with equationr = 2r + 1, is the tangent to C at the point P, as shown in Figure3.

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

(3) 

(b) Find an cquation for C. 
(4) 

The line with cquation y = 2r +k, k* l is also a tangent to C. 

(c) Find the value of the constant k. 
(3) 

(a) Snce 
ine PA 

kangent C Hhe 
erpendc ular to . 

Tho is, M MPA 

m 2 he quah on y=2*+l. CLS 

here foe MpA 
-

b) PA Rpre sented 

Use (7,5), whchis a 
ine 

s= 7)c 



Question 6 continued 

y + 

Zy -oc+I7 

as equirec 

Find point P. 

x*2yI7, 2e+ 

2(+) = 11 
Sc +2 = I1 

3 

Raddus of 
=V20 

Therepre e Rquason af C 

(oc-) (4-S)E 20 

The tangent matr at OAPA ne 

opposite point o P on C, dencte his pint 

s) +42), 
PA 

CO-ordinakes are 

,3) Subsine u no y 2x +h 

3 (2) 
19 

13 
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enmausut 

7. Given that k e Z 
Sk 2 (a) show that dr is independent of k, 

(4) 
(6) show that 2 

(2x-k) 
dr is inverscly proportional to k. 

(3) S a-)d doc h) 

:(h)-(n(n) 
In8h) n() 

-

This tem does no conton 
o h. îndependlent

de2)2-)dac
n 

2 -

2x- 4h-a) (2h-) 3h 

3h 

he term his inteqrair Shows 

versey1 Proporhona 

gtenae lninsn
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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 (30)° 0I< 24 

where t is the number of hours after midnight. 

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

(a)Find the dcpth of the watcr in the harbour when the boat cnters the harbour. 
(1) 

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

(4) 

t2sin (30 65) 

6) 3.3S+ 2sia (30t)
sia(30E)=-0.6 

t 30 Lemember, t2 . 30 

The loest valve t 
Thi 

beyond tz8 

10.T1 translaeer as 

IO 46 am 

arsnaias 

20 



9. North

East 

Figure 4 

Figure 4 shows a sketch of the curve with cquation x* - 2xy + 3y = 50 

(a) Show that (4) 

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 0, as shown in Figure 4. 

Using part (a), 

(b) find the exact coordinates of the point P. 

(5) 

(c) Explain briefly how to find the coordinates of the point that is furthest north of the

origin O. (You do not need to carry out this calculation). 
(1) 

) 2 3 o 
-y Product.ne <- 

2 a - 2 +6 0 

2y-2x 6y-2z)
2-2 
6-2x 3y- 



Question 9 continued 

(b) or P and ,m c 

meoning 3-oc O. 
Set oc3y SobsKAte n 

Crve 2queon. 

(3 2( +3 So 
SO 

E - Sl3 wnen 

and 

c: +S3 wMan 

Pis fthest west Sothe 

Gre (-s/3, 
co-ordnokes 

c) Thahthast_norh pant O CCrs when 

day 0 o y 
dOc 

Solue Simultoneos equahoms dor 
an o oc- 2cy 3 SO , and 

choose the pokKhve Soluhon 

iiran
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10. The height above ground, Hmetres, of a passenger on a roller coaster can be modelled by 
the differential equation

dHHcos(0.25/) 
dt 40 

wheret 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 = $c1 sin (0.25/) 
5) 

(b) State the maximum height of the passenger above the ground.
(1) 

The passenger rcaches the maximum height, for the sccond timc, T seconds aftcr the start

of the ride.

(c) Find the valuc of T. 

(2)

a)dH Hcas (o-2st) 
40 

cOs (o.25t dE 2 dH 
40 

dH cos(o.2s) dt 

LaH TSin (0.25t) 4+c 

O.I Sin O.2st) +c 

9H e 

When t=o, H=S, So hawe
-- 

c 

S: e 9 C In S 

H= Se 
-1 STn (o.2rt)

26 



Question 10 continued

(b) max(Sen b.2s t)) Occurs when sin0-2SE = I 

ma haught Se S-s3m 

C) O.25e T STn 0.2SE = 1 when

2 T= 0T 3. 4s 

27 
Re 
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11. (a) Uscbinomial expansions to show that
V1-x (6)

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

attempt to find an approximation to vV6 

M 
(b) Give a reason why the student should not use x = 

(1) 

(c) Substitute x = into
11 

1- 1-x 

to obtain an approximation to v6. Give your answer as a fraction in its simplest form. 

(3) 

(14) (1- 
-

1+4 (1- 

(2 x)(2 }) 

b The epession onl valio

N83 
68 

OC=

6 2 J 83 
+8 

J0 
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13. Show that 

2 +2 dr =2+2) 8 
(7) 

Let u +2 

-2. 

Then have =2u 
du 

c=2 2 

C=0 

2 (-2)u (2udu) 

4 (-2u) d 

3 

( 3 -( ) 

S 

= (2+) 

J8 



14. A curve C has parametric equations 

X = 3+2sint, = 4+ 2cos 2. 0 <27 

(a) Show that all points on C satisfy y = 6 - (r - 3} 

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

(ii) Explain briefly why C does not include all points of y = 6 - ( -3), xeR 

(3) 

The line with equation x + y =k, where k is a constant, intersects C at two distinct points.

(c) State the range of valucs of k, writing your answer in set notation. 

(5) 
(a) Cas2t 1-2sin't 

4 + 2 - 4Sit 2 Hoose

6-(cx- 6-(2sit 
6-4Sint 

4 cast 2 

9 6-(e-3. 

(36)

S 

2) 

C) AsOsts2T c ss. 
(Becasse Siot stl ). 

hcasranecottiuIt 

42 



Question 14 continued 

cty y 6-(x-3 ancl

h 6 -(x-3)
- oc+7c - 3 

m 7 +3 +h) = O. 
h= 

Soluhon b-4ac70 on enists whan

b-4cc 49-+ (3+) 
49-12-4k 
37 4 t 20 

We also hav hat 277 a lower as 

value f interceA 
Cwve ice (See he graph). 

43 
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Question 14 continued 

Thaeore hae 

7 
2 

(Total for Question 14 is 10 marks)

TOTAL FOR PAPER IS 100 MARKS
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