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1. (a) Find the first four terms, in ascending powers of x, of the binomial expansion of 

(1+8x) 
giving cach term in simplest form. 

(3) 

(b) Explain how you could use x= in the expansion to find an approximation for 5 

There is no need to carry out the calculation. 

(2) 

(143x 
(4 8 e + 5l 

T 512 
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2. By taking logarithms of both sides, solve the cquation 

4P-= 5210 

giving the valuc of p to one decimal plac. 
(3) 
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3. Relative to a fixcd origin O 

point 4 has position vector 2i + 5j - 6k 

point B has position vector 3i- 3-4k 

point C has position vector 2i - 16j + 4k 

(a) Find A8 
(2) 

(b) Show that quadrilateral OABC is a trapezium, giving reasons for your answer. 

(2) 

A -
A 3 3 kk-(2 5 -6E) 3 

At 3 3 -L b-#li - 54 +6h 

AP 
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4. The function fis defined by 

3x-7 

f)--2 rE R,x* 2 

(a) Find f'(7) 

(2) 
ax +b 

(b) Show that f(x) = 

x-3 
where a and b are integers to be found. 

(3) 

g (*) = 

(- («) 3x 
g(a)= 2() 3x-4 

2(0 

Hence 
-4 
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5. A car has six forward gears. 

The fastest speed of the car 

in 1" gear is 28 kmh 

in 6h gear is 115 km h 
Given that the fastest specd of the car in successive gcars is modelled by an 
arithmetic sequence, 

(a) find the fastest specd of the car in 3 gear. 
(3) 

Given that the fastest speed of the car in successive gears is modelled by a 

geometric sequence, 

(b) find the fastest speced of the car in 5th gear 
(3) 

a=28 
a+ 5d - (S 

bd: [(5-28 

Sd= 8 

a +rd = 18 4 lx 4 .lr 

22 + 3r.8 
62: 3 kn, h 

b) a =28 

ar IIS 
23 = I5 

ar 

a 
a 15 3x 29 

= 86. }kn.L 
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6. (a) Express sinx + 2cosx in the form Rsin(x + a) where R and a are constants, R>0 

and 0 <a < 

Give the exact value of R and give the value of a in radians to 3 decimal places. 

(3) 

The temperature, 6°C, inside a room on a given day is modelled by the equation 

=5+ sin 3+2c 0I24 

where t is the number of hours after midnight. 

Using the equation of the model and your answer to part (a), 

(6) deduce the maximum temperature of the room during this day, 

(1) 

(c) find the time of day when the maximum temperature occurs, giving your answer to 
the nearest minute. 

(3) 

42 
K= Vit 

K=S 

a dK 2 

54s 
-3 + 110 

5+s(- 3 + luos -3) 
S4 S 
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7. 

(-2,13) 

Figure 1 

Figure 1 shows a sketch of a curve C with equation y= f(x) and a straight line. 

The curve C meets /at the points (-2,13) and (0,25) as shown. 

The shaded region R is bounded by C and / as shown in Figure 1. 

Given that 

fx) is a quadratic function in x 

(-2,13) is the minimum turning point of y= f() 

use inequalities to define R. 

(5) 

Ganabia te A 
C 15 Y-iAtercept. 

3-2m tl5 

6 +r5. 
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Question 7 continued 

5 4-a+3 
ta 12 

a-3 

x) = 3 (x+2) +13 

he egion Rs degined h Hence 
3(X+2)+13 y 6x +25 
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8. A newW smartphone was released by a company. 

The company monitored the total number of phones sold, n, at time t days after the 
phone was released. 

The company observed that, during this time, 

the rate of increase of n was proportional to n 

Use this information to write downa suitable equation for n in terms of t. 

(You do not need to evaluate any unknown constants in your equation.) 

(2) 

-Ae hs, 

20 



Figure 2 

Figure 2 shows a sketch of the curve C with equation y= f() where 

f(x)=4(-2)e* xe R 

(a) Show that f') = 8(2 +x- xe

3) 
(6) Hence find, in simplest form, the exact coordinates of the stationary points of C. 

(3) 
The function g and the function h are defined by 

g)-2f) xE R 

hx) - 2f(x) -3 x0 

()Find ) the range of g 

(ii) the range of h 

(3) 

a) y(z: (x- 2)e* 

-2 te 

-8e 

8el) te - () 
o)= 8 (x-2- e 

22 



Question 9 continucd 
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10. (a) Use the substitution x = u' +1 to show that 

3 dx 6 du 

(r-1)3+ 2/x-1)J,u(3 + 2u) 

where p and q are positive constants to be found. 

(4) 

(b) Hence, using algcbraic integration, show that 

l0 3 dx 
= Ina 

J, (r-1)(3+ 2Nx -1 

where a is a rational constant to be found. 
(6) 

Lis 

3 
(3+n) 
uut) dun. 

A B 

uts A 

A (ut) Ba 6 

A B -
uts d 

L2nlu) - 2n (ut 3) J 
J: 3) - 2l2»3+3) - 2L(zl + 2(2243) 

T: l(3) - lL(a) - l(e) tl(t). 

26 

A A0 ? A 5 



Question 10 continued 

T -t (a) -G()4L() 
- 4) +41 
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11. 

C 
C 

Figure 3 

Circle C has equation x +y= 100 

Circle C, has equation (x-15+y= 40 

The circles meet at points A and B as shown in Figure 3. 

(a)Show that angle AOB = 0.635 radians to 3 significant figures, where O is the origin.

4) 

The region shown shaded in Figure 3 is bounded by C, and C, 

(b) Find the perimeter of the shaded region, giving your answer to one decimal place. 

(4) 

(-15) eo 
(-1S+ 100 -eo 

(y-15) 60 

( - 30x +uaS) = 6 
3bx-225 = 6o 

30x 2s = 6 o 

30= 
q.5 
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Question 11 continued 

(o, 
1.5, -) 

(io) 

2arcio C 
= 0.635 

Lo 

L) 1O x(la - 0.635) = S6. 
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12. In this question you must show ll stages of your working. 
Solutions relying entirely on calculator technology are not acceptable, 

(a) Show that 

cosec-sin= cosOcot0 0 (180m) neZ 

(3) 
(6) Hence, or otherwise, solve for 0 <x< 180° 

cosecx-sinr = cosxcot (3x- 50°) 
(5) 

Cosec sln 
Sin = 

S 

CoS 

cOS 
Cos 

Cos colO 

=Cosx cot (3- 5o) 
CoS cot (3x - SO) 

COSec - Sis 
Cos Cob 

Cotr = Co& (3x-50) 

x 3 - 50 
2= S 
25 

O&de 

CoS. 

Aso 
la= 3o 
={S 

34 
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13. A sequence of numbers a,. a, d,s . is detined by 

ko,+ 2) neN 

where k is a constant 

Given that 

the sequence is a periodic sequcnce of order 3 

a,2 
(a) show that 

+k-2=0 

(3) 

b) For this sequence explain why k #1 

(1) 
(c) Find the value of 

80 

(3) 

C 

kata 

2k+1 

h(a41 
h(htitS 

A2) 

eCht) 2(kt) 
L2t 3h = k+l 
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Question 13 continued 
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14. A large spherical balloon is deflating. 
At time f seconds the balloon has radius rcm and volume V cm 
The volume of the balloon is modelled as decrcasing at a constant rate 
(a) Using this model, show that 

dr 

d 

where & is a positive constant. 

(3) 
Given that 

the initial radius of the balloon is 40 cm 

after 5 seconds the radius of the baloon is 20 cmn 

the volume of the balloon continues to decrease at a constant rate until the 
balloon is empty 

(b) solve the differential equation to find a complete equation linking r and t. 

(5) 
(c) Find the limitation on the values of t for which the equation in part (b) is valid.

(2) 

V a) 

Le 

Deçine k= 

dr= Skdt 
kt +C 

(+0) =ky Ot 
3x 6+OOo = 

6+COO 

kt t 
(o) k» 5 + suo 

42 



Question 14 continued 
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15. The curve C has equation 

x' tan y=9 0<p< 

(a) Show that 

dy -18x 
dr r+81 

(4) 
(6) Prove that C has a point of inflection at x= 27 

(3) 

any = 
se 0 

dn 

(R ) 8- 18x 

l + 

d 
do +8 

d R -19 -7-R x 

T(3-8) 

+31) 
COnsdde Deno min ator d aluueys Ostive So 

umeralror sn G4 (z*-1) 

Cles 4 Ps tive 
-*=0 
-* <O 

Hene # a point op nlext 
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16. Prove by contradiction that there are no positive integers p and q such that 

4p--25 
4) 

Suppose e re osdbive tteger p 
iad Such hak 

te 1S 

25 
Sce p and q are osi bive nteqes 

pt o lp- >o, letq Zp-q and 
Lptay_and lp-4are nEeqes. 

The fatos o 5 are x25 and SxS 

Herce we_mus t_kave 

whic is nos on teges 
Hence his ts a consadietion 
integesS_Can est 

SO n0 Such 
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