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1. A curve has equation

y=2x —4x+5

Find the equation of the tangent to the curve at the point P(2, 13).

Write your answer in the form y = mx + ¢, where m and ¢ are integers to be found.

Solutions relying on calculator technology are not acceptable.
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2. [In this question the unit vectors i and j are due east and due north respectively.]
A coastguard station O monitors the movements of a small boat.
At 10:00 the boat is at the point (4i — 2j) km relative to O.
At 12:45 the boat is at the point (—3i — 5j)km relative to O.

The motion of the boat is modelled as that of a particle moving in a straight line at
constant speed.

(a) Calculate the bearing on which the boat is moving, giving your answer in degrees to
one decimal place.

(&)

(b) Calculate the speed of the boat, giving your answer in kmh™'

-3 4
a/ pinLaaam-&wf = <_5> - (-7_>

- (j) N

€))

- 23.72
5€0VU\J = 560 -90-23.L
= 24¢.8°
JR—

b)  TDistame = |5 47"

:J’é‘?km

Adistanct _ JS%

= — .
Eime 2lies §5mind

- (58

273

= 2.77 ku]ln  Gsp
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In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

(i) Solve the equation

x\2 -18 =x

writing the answer as a surd in simplest form.

(i1) Solve the equation

(&)

&)

x{z -3{z2 = x

>=J2 = > + 322
14/2_ - X tg_l’i
DC,CJ—Z_-") = S\I/L
= - 3G (J= 1)

(= - 1) (32 + 1)

= 6 t+ 3J2
2 +yz-yz —|
= &+3(2
. Ix -1 /
u/ L = —
! / 21z
g2(3x-2) o
2%27
{
léx-—u —_ 2-3/‘
2 -5 ¢
Cx —y = ~— F
Gx = =
2
=
x = 12
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. In 1997 the average CO, emissions of new cars in the UK was 190 g/km.
In 2005 the average CO, emissions of new cars in the UK had fallen to 169 g/km.

Given 4 g/km is the average CO, emissions of new cars in the UK n years after 1997 and
using a linear model,

(a) form an equation linking 4 with n.

&)
In 2016 the average CO, emissions of new cars in the UK was 120 g/km.
(b) Comment on the suitability of your model in light of this information.
3
o) (0,190)  [8,169) 2=n , g=A
2y j ) 2, j (=
m - (j : 4 /
z, -2,
= /69 -190 _2)
8 —0 g

- - 2L x + 190
ﬂ g
A= 2L + 190
&

Ly n-iq A-120

BN
'

| . . -2l
Using iae sodel T(M) t196

W

/46125 T [km

The rodel's predeckion s 1o (A;jL/ ﬁo/{pp(e & rtay
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Not to scale

12
Figure 1

Figure 1 shows the design for a structure used to support a roof.
The structure consists of four steel beams, AB, BD, BC and AD.
Given 4B = 12m, BC = BD = 7m and angle BAC = 27°

(a) find, to one decimal place, the size of angle ACB.

3)
The steel beams can only be bought in whole metre lengths.
(b) Find the minimum length of steel that needs to be bought to make the complete
structure.
3)
a/ Sin x__ sin(27)

12 7/
s/ x = M)A/L
7

S X2 T 0.778 ..

z - n "(o 778 )

=5/.)°
ACR is olbluse  ACB = 120 -51.1" = 28.9°
—
b/ BCp= js0o-125.9= 5/. /"
£p¢c = 5/./° D
cBp = /80 -2(5/. /) 7
o 778
= 77 8 =7 24.)
A /2 g

Abc = /%0 — /22.9 — 27

= 24./° ,
AP =2¢.)+77.8 < Jo]).9

e—

—
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Question 5 continued

. AD - 7
& s/a(lo).q) sin(27)
< ) ’ .
=
T _
= Ap = —L— sin(tol. 9 )
£ Sin(27) /
il
& 15
I = .
£ [ m
S
P TJokel )e./\%{/l,\ = )5.) t 12+ 7 + 7
o
4. | m
/ The steel can oMU Loe ‘aou%,ln.-\— ‘A wmevren - éler.M
L —

(Total for Question 5 is 6 marks)
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6. (a) Find the first 4 terms, in ascending powers of x, in the binomial expansion of

(1 + kx)"°
where k is a non-zero constant. Write each coefficient as simply as possible.

3)

Given that in the expansion of (1 + kx)'"° the coefficient x° is 3 times the coefficient of x,

(b) find the possible values of £.
3)

o/ | o) Us /2o

10

1(7)

\ 7/ J ~ 4

+ /o(/)o’(k)aj) 7 45(/)3 (Kx)L + /Lo(/\7(kx)3

2
| t+ ([Okx + 4g kzar.l + 120 Ks:t,

y 120k = 3 (Iok)
120k’ = 30k
G =k

k(L}kL‘l):O K IS po+ 2evo
q,K'l-/:o
A
{
2T

k:fdl?-
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k
7. Given that k is a positive constant and J. (i + 3) dx =14

1 2\/;
(a) show that 3k + 5vk—12=0
“4)
(b) Hence, using algebra, find any values of & such that

J‘lk(% + 3) dx =14

C))

V3YY SIHL NI 31IYM 1ON Od

(‘Gk’%+gk*¢\}-(\6+3 *L\> = 4
Sk’lz + 3k — 8B = 4
S{k t3 —12 =0

R t Sk -1 = o

lee Jk = 3x® 1 8§x —12 =0

(B -#)(= + 3)

3_—/;-&?— >x=-3

Ve = & Jw=-3
K= X

—
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8. The temperature, §°C, of a cup of tea  minutes after it was placed on a table in a room,

is modelled by the equation

t

=18 + 65¢ 8 t>0

Find, according to the model,

(a) the temperature of the cup of tea when it was placed on the table,

(1)

(b) the value of ¢, to one decimal place, when the temperature of the cup of tea was 35°C.

3

(c) Explain why, according to this model, the temperature of the cup of tea could not fall
to 15°C.

(1)

(0, 94)

(8, 50)

Figure 2

The temperature, 1 °C, of a second cup of tea ¢ minutes after it was placed on a table in a
different room, is modelled by the equation

t

pu=A+Be ¥ >0
where 4 and B are constants.
Figure 2 shows a sketch of u against # with two data points that lie on the curve.
The line /, also shown on Figure 2, is the asymptote to the curve.
Using the equation of this model and the information given in Figure 2

(d) find an equation for the asymptote /.
“4)

./ when +=0 g = )&+ {5

16
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Question 8 continued

< o
& b/ 356= )8 + (5e ®
< 7/
@ +
B 17 = 65¢ °
=
g e
= - - €
= 65
5
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e i (75) = —F
e \ 7
1 - -
I (42) 7 Tk
~ V1
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£ = \O./f WALA S
C// As € tAcreosse s (9@!4"*(\« clener o W) 6 31&‘——:

Closer 4o 18°¢. (Tue fesperelve  canrol drop
below 18°C )

A/ g A Be °

wher t=o0  u=9y dy=Hp+E8

DONOTWRITEINTHISAREA

when =8 M =50 §03H+g€/

4y = B -Be”

4q = (1 -¢ )
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—e

£ =

/

= 67. 6
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Question 8 continued
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f l { } } >
350 -27% -io |98 O 9 )70 276 3¢
P(c, d) -3
Figure 3

Figure 3 shows part of the curve with equation y =3 cosx®.

The point P(c, d) is a minimum point on the curve with ¢ being the smallest negative
value of x at which a minimum occurs.

(a) State the value of ¢ and the value of d.
(1)

(b) State the coordinates of the point to which P is mapped by the transformation which
transforms the curve with equation y = 3 cosx® to the curve with equation

(i) y=3cos (%O)

(i) y=3cos(x—36)°
(2)

(c) Solve, for 450° < 6 < 720°,

3cosf=8tand

giving your solution to one decimal place.
In part (¢) you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

C))
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Question 9 continued

<L
m p— —
g d// (\ I?o/ 3)
v
o w
= L/ (=720 - 32)
E I'4 \\§ / 7
(i
= .
= i/ (= 14y, -3)
/ A\ 77 7
=
o
g c) 3cos® = ¥ tan b
e Sos 6 = P Sinb
(oS 6
3 cosh = Zsinb Coss 6 +s)0-0 = |
3( I— sin*e) = Tsinsb o0 = |l -siale
3-BsinA*6 T ¥ siaAb
o= 352G 41350 -3
o = (3sint -1\ siae +3)
AN AN 7
Qb = =  sinb=-3
[
[ > X o o
g=195,J0.5 , 3795 , s20.5
7 A 1
g — 9. 5 19.€+360 1Lo.S + 360
g = 5620.¢°
”%—

J
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Question 9 continued
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10. g(x)=2x’ +x*—41x - 70

(a) Use the factor theorem to show that g(x) is divisible by (x — 5).

(2)
(b) Hence, showing all your working, write g(x) as a product of three linear factors.

“4)
The finite region R is bounded by the curve with equation y = g(x) and the x-axis, and
lies below the x-axis.
(c) Find, using algebraic integration, the exact value of the area of R.

“4)

o) g(s) =2(s) T(5) - 4i(s) — 70

= O ,
2 + 112 + )4
b/ -
= | 2= + [l ? + /4 2
-5 o — 58> -70

(=-s)(2= + 1 lx+ Iy)

(e =52z +7) (= +2)

¢/ 4 =(>-8)(2x +7) x+2)

whea y =0 (3 -5)(2z2+7) (= +2) =0
_ 7 _
X —= g x = - 2 2

when x=o g (=S)(7)(2)
=-To

24

P 6 2 6 4 5 R A 0 2 4 4 0

V3ady SIHL NI 31IIM LONOa

YISV SIHLNEILIEM TON O

YISV SIHLENEILIIM 1ONOC



( )

Question 10 continued
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Question 10 continued
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(Total for Question 10 is 10 marks)

Question 10 continued
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11. (i) A circle C, has equation
x4+ +18x -2y +30=0

The line 7 is the tangent to C, at the point P(-5, 7).

Find an equation of / in the form ax + by + ¢ = 0, where a, b and ¢ are integers to

be found.

(i1) A different circle C, has equation
Xy —8x+ 12y +k=0

where k is a constant.

C)

Given that C| lies entirely in the 4th quadrant, find the range of possible values for .

a/ x*f /gx -*dz-lj + 3o =0
T
(> + ‘7)z - &) +(y—l) -/ 36 =0

(Ib—rq)l‘r (‘j-l)l = 52

centre (9, P(—5, 1
(7//9? (7’1 '11).
gradzw o vadiwy = %;—’
- 7 -1 = .£ - ’E__
-5£--9 ¢ 2z
j,(H}m/t(f ol J'a/\a{a\' = '—LE— F(-§,‘|
* Y

j-1|:M(1-1,)
4-7 :%(x+$’)
2(y-7) = —2(x )
33-2} = -2x —)o
2x 434 -] =0
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Question 11 continued

b/

2
> =

21-fj7+ \lj +~k=0

(=) — 16 + (y+6) -36 4k =0
(2-4)" +(y76) =52-k
The radius aust be  Jesr than 4
(52 -k < 4
52 —n < b
3L < Kk
S2 -k push alco e eosikive -k <52
56< k< 52
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Question 11 continued
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12. An advertising agency is monitoring the number of views of an online advert.

The equation
log,, V=0.072¢+2.379 1<t<30,te N

is used to model the total number of views of the advert, V, in the first # days after the
advert went live.

(a) Show that V' = ab’ where a and b are constants to be found.

Give the value of a to the nearest whole number and give the value of b to
3 significant figures.

C))

(b) Interpret, with reference to the model, the value of ab.

(1)
Using this model, calculate

(c) the total number of views of the advert in the first 20 days after the advert went live.
Give your answer to 2 significant figures.

2)

67/ [pj'ol/ T0.072 ¢ +2.8379

0.072E +2.%79

V=10
|/= /oo.ont"/ozr.zw’/

:/02.379(/oa‘o7z)(:
- 239 (1.138)"
b/ ab 15 the pumbts of views when 4] (afler | day)

16
c/ Z'S"‘QL\?) = L5006 (234,)
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13. (a) Prove that for all positive values of @ and b

b

4a 224
a

(b) Prove, by counter example, that this is not true for all values of a and b.

C))

1

da b 2y
5 a

ab ab ,
1
Yat1b >y
ab

when (Ja-b) s Squored it will bt greate Thot or equod bo)

AN

270 .

L/ ta b >

4 19 o e

wheag a=-1  |,=| L,P(‘w =+

-§ 55 less than l-,‘—
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Question 13 continued

(Total for Question 13 is 5 marks)
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14. A curve has equation y = g(x).

Given that

e g(x) is a cubic expression in which the coefficient of x” is equal to the coefficient of x

—_—

e the curve with equation y = g(x) passes through the origin ~ when z=eo y<o

e the curve with equation y = g(x) has a stationary point at (2, 9)

(a) find g(x),
)

(b) prove that the stationary point at (2, 9) is a maximum.

2

pudnL At

)4 of PE Az’ +bx’ 17cx +d

g = ax tlx +ax +d

O = cl(o)3 +blo) +a(o) +d

A =0

3
thal +L11-+a.t

()

(2.9) 1

al2) +Y2) ta(z)
X

- 1= 8a 1 4L +72a

1=)0a + &b

' I L ]
Stakionary  point Ld\/t&re ._‘3\.3—-:0 2,5’ =302 +2Ux ta
J ! ox agxX

when 3=2 O = Ro-(ay +2L(2) ta
o — |lla T4k + o
o6 = ‘Ra 4 4b
q':'ga +L;;L
O “l13a t4b
9 - -3a
o< -3 O(T)O('BB + 4 b
4 = —30 +\ub
31 = 4b
. b= Yy
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Question 14 continued
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Question 14 continued

(Total for Question 14 is 9 marks)

TOTAL FOR PAPER IS 100 MARKS
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