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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.

)
fangent - same gmo\ien’r, same coorlinate  one point of
Infersection <> one root

(1-0)

differentiote Yl : Y= 23- 4y +5 = %: 225 Sy

=lbx*-4
so gradient @ P = b(2)-Y4 =20
use y-y,=m(X-X,): Y-1%=20(x-2)
Y-13=20x-40

\\/)= 20x-27
—
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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)

a) bearing is measured from horgh | cockwise

(+-2)

O
6\\(06&'\000' 1/
(-3-5) -

N
/l\ bt’.o\rmg

ditechon vector : 5) ( °¥.

.

I\

u

omgle needed - tan® %—
b-%0I°

fofal bearing = 160+ bb-4" = 208"

1
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Question 2 continued

b) 10 find Speed, need distance travelled
direction vector (’}) so distance =\F+ 2+ =158 km
fime: sk > 235 haars Y

. (G--3)'s (-2r5)
speed =158 =2FFkmh \(
2-}5 /

(Total for Question 2 is 6 marks)
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3. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

(i) Solve the equation

xv2 =18 =x
writing the answer as a surd in simplest form.
3)
(i1) Solve the equation
fio
22 )

. raqrmnge to moke ¢ the subjed"-
XZ-x=[%
x({z'-1)= 1%

X={F
2'-

surd in dendminator < rationalise: X=

s Z+1
YleH

——I"(Y_'H
= (o+r'

=b+W
= b+ 32

P 6 2 6 4 5 R A 0 6 4 0
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Question 3 continued

ii. LHS has a powerof 2, RHS has power of 2. 2 Manipulate S0

1_3X-"2_ I
2 is ' ' each Side : = '
is "bose' of ide: (27) 2474
bx-% | -2
L) x =—_§- -:.2_7'
3 %
bX - ='-"-7-:
o2
bX 525 >
X572

(Total for Question 3 is 6 marks)
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4. 1In 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 # years after 1997 and
using a linear model,
(a) form an equation linking 4 with n.

3)
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)

ol |inear model: form A= Mn+c
N unction of number of years

it can help fo visualise. problem:
%‘10-] X<

PSS (1L B
let 2005 be n=¢ %
S _ 4 ! year
1993 2005

L SO W2 Want equation of detted line
grodient 190 - 169 = -2-b2.5
-%

intercept: (0=C
SO A=-2625n+[90

-
b) given new datm point, we need o see how it compares with

model's prediction :

— AR 0 O A
P 6 2 6 4 5 R A 0 8 4 0
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VIV SIHLENEILIHM 1ION OQ



PhysicsAndMathsTutor.com

Question 4 continued

A=-2-625x(9 +(90
=140-125 3/lzm
(40125 ] 20 = the model overestimates A & SO iS hot
Suitable

(Total for Question 4 is 6 marks)
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5.
D
Not to scale
¢ Fm
a ?‘M
27°
A
1Zm B
Figure 1

Figure 1 shows the design for a structure used to support a roof.
The structure consists of four steel beams, A8, BD, BC and AD.
Given AB = 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)use sine yule : $NA = sigb < Iutip of sine of angle & opposife side
A

. Sina =S8Ny
12 £

O = sin! (lz.i_iznz.z')

=5’ (pn'mr‘u,) or 180-51-1=1289 (secondary)
a i's obtuse = a=123%9°
b) use cosine rule to Gnd AD © a*=b*+c*-2bc cosA
ADCB=180-12%9 =51
ADB is isosceles -« CBD =180-2x511°=3%.8°

10
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Question 5 continued
2 CBA=180"-2%"- (289 = 241"
. LABD =24 *+3F8" =101-9°
(Check: £ ABD = 180"~ 2% = 5I1°=[0['9")
=5 AD = F +[2%-2x|2x Fcos 1019’

=223 bl
;. AD=15088m
total length=12+%F+% +15-09

= 41-09

found up to whole Meftes : 42m bou\c’lﬂ'

(Total for Question S 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 k.
(3)

0) use binomial formula: (x+y)"= Zo'm xhﬂn-lg
(k)= Z (o™= 17 )0+ (3t 'g) (o]

e torms

= |+ | OkX t &5 je*)c*+ 203X

b) X° coef: =3 x I Coef.
120 k>= 2% [0k,
=30k

R#0 = divide by k: 120 R*=30

=

=

-+ _F\—

1l
2

12
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Question 6 continued

WO

IS
ANIAAAAAA VEIAAAAAAAAAARNA

SOHOK

KOO

X

OO
AR HKAKIHAIHAIHAAIHIAIHAARANRKS

I

SOOI

oot

SR (Total for Question 6 is 6 marks)

g | )

13

T



PhysicsAndMathsTutor.com

k
7. Given that £ is a positive constant and j (i + 3) dx =4

1\ 2V

(a) show that 3k + SJE -12=0
“4)

(b) Hence, using algebra, find any values of & such that

Lk F+3)dx=4

. 5‘,'((2 X *3)0‘1 =& -',-(-i+|))x'%'“+§_xf]|k

= (511 3x]
= ES.)LHS)L]
=5k +3k-5-3
= 4= 5[k +3R-%
0 =51k +3k-12
b) use =]k * 3x*+5x-12=0
(3x-4) (Jc+3)-
= X= S’”-— * or{k'=-
reject negative root so k‘ lb

\55(_)(_1.*,3 d_y_ ES\E'ngJ

= 5(3)+3(4)-5-3
T takes +ve voot

=3l % 4t

4

14
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Question 7 continued
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a) placed on toble @ t= 0 : O= [+ b5e’

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

is modelled by the equation

t

0=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.

(©)

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

1)
n A
(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

ﬂ=A+Béé t>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)

femperature = 33 °C

16

P 6 2 6 4 5 R A 0 1 6 4 0
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Question 8 continued
t

o) G=35 = [Gtb5e
-t
= bSef = |7

> o %=1}

b5
take. |n of both SidCS"L=lh(ﬁ)
3 b5

t=-8In(;t]
= (0729
=107 (ldp-)
Cc)as t=>o0, e-%-*o from above so G- (8" com above.
hence, the MiniMum temperatire (18%) is > 5%
o) m=ArBe t
given points (0,q%) & (8,50): A= frr gfza A+8=9% O

50=A+B% = A+Re'=50
©0-@: -50=B(-¢"')

= B(1-¢ )
tte= R(e-1)

B= _YYe
e- 1)

17
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Question 8 continued

A+B= Al => A=A ‘{ML‘e,—
=

= Qe - the -4
€- 1

-t
as £ >0, be ®* >0 so asymptote given by

A= 50e-% (= L)
e-|

_—

18
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VA

0 X
P(c, d)

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

(1) y=3cos (%)

(ii) ¥y =3cos(x —36)°
(2)

(c) Solve, for 450° < 6 < 720°,

3cos=8tanl

giving your solution to one decimal place.

In part (c) you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(3)

20
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DO NOTWRITE IN-THIS;AREA DO NOT WRITE IN THIS AREA

DONOT-WRITE IN-THIS AREA

Question 9 continued
M) MINMUM Of COSX = -1 => minimum of 3cos = =3 =0l
Pis he Gist minimum for x<O . c=-180"
P(-180°,-3)
b)i. g=3cos(?.$) => X-Stretched’ x &, no chowge h’ﬂ
s (-320",-3)
i Y = 3¢0S(Xx-3b) => translation in x- direction +36
— (-1 -3)
C) when solving these fypes of guestion, list the velevant
\'rig. dentities that could help you.
+an&s§ﬂ9- , Sin'8-+cos* = |

0@
3c0s® = §+and

Ccos®

x oSO = 3cos28 = Zsin
form guadratic in_Sind (you Wont an equation with only
one. trig. Qunction)

3(1-Sin*0) = Bsin ¢

21
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Question 9 continued
2sin*0+%sin8-2=0
(3siné-1) (sme+5 -
SiNG £#3 so Sin G—- S alwoys note what

‘ ed
MIV\-VU\((I;(Z i€ =\ §= M '1’?" / ange you ne
but range is +50°¢ 0-<#20°

5-=(80- (447 SinG repeats every
= (6053 /360
to bring info range: (50-53'+360'=520-5" (ldp)

19-4F + 340" also not in m\ge,

22
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Question 9 continued
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10. g(x) =2x" +x*—4lx - 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)

Q) fachor theorem: i€ €0 is divisible by (x-al, then

Clal =0

9(5)= 255 + 57-x5-70 = 250+25 - 205-30
-0

95)=0 = (X-5) is a factor, so gx) is divisible

bg (-5)

b) divide gwx) by (X-5) to get a quadratic

2 e+ 14
(x-5) | 203 £ X*-1x-20
- (2%*-10Xx*)
11X- 4> -10
- (1)~ 55x)
a 14X -F0

24
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Question 10 continued

glie) = (U=5) (22 +11x +1) Sketch o help

_(X-5) (2x+F) (x+2) gou wnd
c) 9’5 roots : -%,-1.5 |
So R_loound by X=-2,X=5 al
) BN RS
1

5 S
Sg(x) die = S(If’ tX - (x-#0)dx
-2 =2
5

2 % 3
= | =X +7X -4l x*-FOX
BT

= ._'i(QZS).pé (125) %! (25) -30(S)
2
“oUb)-5(-3)+ H () -F0(-2)

=-1525 - 190
3 3

2
aren = 57| 3

25
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Question 10 continued
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11. (i) A circle C| has equation
X2+ +18x -2y +30=0
The line / 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.
3

(i1) A different circle C, has equation
x4y -8x+ 12y +k=0

where k is a constant.

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

.._complete the Square o €ind centre of Circle
X+ Y+ (8x -2y +30 =0
L(X+9)=31 +(Y-1)-1+ 30=0
. centre (-9,1)  (don't need wadins)
we_can Use the fact that the vadius & tangent are & to find
gradient of the tangent : M xM, = -
gradient of radius joining C+to p-

3
Using Y-Y,=mx-X,): 3«7—-— ’% (X +5)

39—2I =-2X-10

28
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Question 11 continued
% 2_)u-33-|l=0

i lies in quadrant => peed centre of G,
X'+ Y-8 +12y +R=0

Lo (X4 ) -lb+ (y+b)-3b+ kR =0

= () (yro) = 52-k

cente (4 -b)

fo lie entirely in one guadrant, CAN't Cross aves
= (adius Mst be less than shovtest distance from
axes

<y =5 B2-k <4

SR> 3b Iengfhs can't be negative
r>0 = 52-k>0 <

S0 in total, 3b<k <52

29
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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¢t+2.379 1<t<30,te N

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

(a) Show that ¥/ = 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.

4)

(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)
Q) Iog V=0072t+2:339

0-072t +2:339 (base - 10)

raise both sides: V=10

=10
o= lDz-?ﬁq 2 b= IDO 032

by Calculator, nearest whole value:0=239, b= 113 Bs¢)

= \/=239x|-18°

b) we get V=0lb when t=1:V=0b'. Hus, the value of

0b is the total number of Views of the ad- | doy after

It went live

c)t=20° V=239x|(§*°

= b5U5. ..
” VN0 OO 0 0
P 6 2 6 4 5 R A 0 3 2 4 0
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o N

; | Question 12 continued
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4 2

Question 12 continued
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13. (a) Prove that for all positive values of @ and b

da b
_+_
b a

>4
4)

(b) Prove, by counter example, that this is not true for all values of @ and b.
(1)
o) for all veal numbers, Heir value Squared 1s o Ways Z0

0,5~y oo+ B-keab= 0 = (20-b)"= O

b
Cyou CAn ‘YeVerSe engineer’ CSfo«rh'ng point
fo Find how to prove stotement by proof
" (20-b)" 20

o+ -40b >0
aS a,b>0, dividing by either doesn't change direction of

inequalty : }_g rp 2 g%@
ab ab @

= bo+b =2l (a) uses a,b>0
b 0 /
b) SO cownter gxample must wse negative value

29 0=5,b=-1: k4 +b =-20-L <l
b a S

36
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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

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

(a) find g(x),
(7)

(b) prove that the stationary point at (2, 9) is a maximum.
(-’rida off properties as you go to keep track
a) Cubic: g(x)= ax*+bx*+cx+d

X* coef = ) Coef > Q)= g_x3+ b)* + O + o
passes through origin = o= 0, g(k] = X" +hx*+ax
passes +hrou9ln (22) 2 9=%a +kb+ 20
=2 00+kb=9 (O
(2,4) is a stotionary point 2 9'2)=0
9'()=30X* + 2bX+ O
> 0=]20 +4b t &
130+4b=-0 @
@-0: 2a=-9
o= -

= p=2+|03)
U

= 30[
— 0 00 OO O R A A
P 6 2 6 4 5 R A 0 3 8 4 0
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Question 14 continued

0 glx)= —313+3L_2_ -3

b) for @ Mmaximum, ¢'tc) <0
9'(k) = 2x3x-3x4 Zx%
=-13x+32
B
3"(:_) =-19(2)+31
y 5

= -3 <0 hence point is o May.
2
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Question 14 continued

(Total for Question 14 is 9 marks)

TOTAL FOR PAPER IS 100 MARKS
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