1. There were 2100 tonnes of wheat harvested on a farm during 2017.

The mass of wheat harvested during each subsequent year is expected to increase by
1.2% per year.

(a) Find the total mass of wheat expected to be harvested from 2017 to 2030 inclusive,
giving your answer to 3 significant figures.

(2)
Each year it costs
e £5.15 per tonne to harvest the first 2000 tonnes of wheat
® £6.45 per tonne to harvest wheat in excess of 2000 tonnes
(b) Use this information to find the expected cost of harvesting the wheat from 2017 to
2030 inclusive. Give your answer to the nearest £1000
3)
ﬁ) G—P A = 2100  r = .12 . n= &

7 7/ J

Sh = a (“fh "l) - Zloo(‘l.o:zu-i)

r - | l.ot2 —~1

Sh = 31?07 éanv\.l;

= 31800 £ounes & 3 s. £.

L) |4 x 2000 = 280606 Lonnes @ Zs.5

3801 éovme.s (2 1‘6,45

Tolal cosé %lé ?,, 155

= £1€4,000 Eo nearest Elsos

16

S 6 0 7 36 A 01 6 3 2

V3YY SIHL NI ILIHM IONOQ




Question 1 continued

(Total for Question 1 is 5 marks)
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2. The curve C has equation

y=2x*+5
The curve C passes through the point P(1, 7).
Use differentiation from first principles to find the value of the gradient of the tangent

to C at P. 3
yz=2x+5 5)

/
/(14- S‘x; 34—&3)

'

3
0\4'5:1 = 2(1*6‘«.) +S
d—J

s ) - 2 o\
114—;.1 = 2(13*39& ,fx+3>ufu 4—5‘,3} +5 @
J J v 7 -

n

® -0 Fo = (o fx +6xde” + 24n”

J

§4 by +bxf+ 24x
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Gradizat Ay _ li-it J-‘l = éx?'f—o + 0

dx ~ fx20 Tx

Ao Ca”
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Question 2 continued

(Total for Question 2 is 5 marks)
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( )
3. The function f is defined by

3x -5
fix— al , xeR, x#-1
x+1

(a) Find f'(x).
3)

(b) Show that

+
FF(x) = = ‘1‘ xeR, x#+l

X —

where a is an integer to be found.

VAHY SIHL NI SLIH LON OG

C))
The function g is defined by
gix—x2-3x, xeR0<x<5

(c) Find the value of fg(2). ;
@) 2
(d) Find the range of g. i
3)

(e) Explain why the function g does not have an inverse. /
(1) z
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Question 3 continued

£ £(x)

b)

N

i

3(3x-5) ~ §(x+1)

QB =% 4+ o€ + |

e = 1S ~§ - §

ax -4

2 4o — 20

4'-Cac —l)

4(x ~5)

4 Cx-t)

5c -~ § Soa:-s

N

- |

(Total for Question 3 is 13 marks)
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Question 3 continued
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«  Show that
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5. (a) Express 2sinf — 1.5cosé in the form Rsin(f — a), where R > 0and 0 < a < %

State the value of R and give the value of a to 4 decimal places.

3)
Tom models the depth of water, D metres, at Southview harbour on 18th October 2017
by the formula
D=6+2sin[ ) - 1500s(2), 0<i<24
25 25
where 7 is the time, in hours, after 00:00 hours on 18th October 2017.
Use Tom’s model to
(b) find the depth of water at 00:00 hours on 18th October 2017,
(e))
(c) find the maximum depth of water,
(e))
(d) find the time, in the afternoon, when the maximum depth of water occurs.
Give your answer to the nearest minute.
3)

Tom’s model is supported by measurements of D taken at regular intervals on
18th October 2017. Jolene attempts to use a similar model in order to model the
depth of water at Southview harbour on 19th October 2017.

Jolene models the depth of water, H metres, at Southview harbour on 19th October 2017
by the formula

H=6+2sin| ) 15c0s) |, 0<x<4
25 25

where x is the time, in hours, after 00:00 hours on 19th October 2017.
By considering the depth of water at 00:00 hours on 19th October 2017 for both models,
(e) (1) explain why Jolene’s model is not correct,

(i1) hence find a suitable model for H in terms of x.

. 3)
a.) 2sint — |, Scos®
z.ri\ e = 2.5 sin(@' “0.64-'55')
2
Al 15
o = Ean (“—;‘)20.64-35 R =2.5
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Question 5 continued

DN = 6 + 260 — 1, §cosO
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Question 5 continued
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(Total for Question S is 11 marks)

Question 5 continued
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Figure 6
Figure 6 shows a sketch of the curve C with parametric equations

x=4cos(t +%), y=2sint, 0<t<2x

Show that a Cartesian equation of C can be written in the form
(x+y)7+ay'=b

where a and b are integers to be found.

A \

C))

x:460$(6+%)

\

/

/
o = A4 (costcosTF — ginbsing )
\ -~ 7/

X = 4(@@5(’ —;"S)'hé)
N ‘e /7

&=

x = 2J3cest — 2 giak

LW = Zfl:«\é
J
Y = S;né
2

cosE =A/)—-5;L."t = /l—- -
,,/ =~
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 5 marks)
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(a) Sketch the graph with equation

y=1|2x-5 o
| ’ o
. . . . 2

stating the coordinates of any points where the graph cuts or meets the coordinate axes. 3 %

) =

=

(b) Find the values of x which satisfy "
=

- -

2x 5| >7 3

2 n

(c) Find the values of x which satisfy I; ;
S >

|2x — 5| >Xx— =
2
Write your answer in set notation.

) 5
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a) ¢ / Cuts g -—exis a€ (o, 5‘) B
\/ - B
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2, Heeks x ~ax:s ok ('Z) 0) {?‘

! (B
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" ;"2’0
b) Ei€her 20 =S % 7 =
/ S
2% 2 12

SHS

x > 6 ‘-" 2089

S8

S5

or 2se -5 £-7

2x < ~2

x « -1

’0’0

@ 5

Efither x < -1 or x 26

wz (22 -5
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8. The line / has equation

3x-2y=k @

Given that the line / intersects the curve with equation

s @

at two distinct points, find the range of possible values for £.

where k is a real constant.

C))

Sob ur 4 in ()

3x —Z(Z:LL"S':) =k

39 "‘4%14"0 =~ k

0= 4x -3x +(k-1)

€or 2 p(l.:‘{'l'n(.(— 'paz-ﬂ{'.( 52 >4z

(-3) > 4. 4.(k-w)

9 > lek - l6o

l6a > Il
169 2 k
16
< led
16
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Question 8 continued

(Total for Question 8 is 5 marks)
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Figure 2
Figure 2 shows a sketch of the curve with equation y = f(x), where
f(x) = (8 —x)Inx, x>0

The curve cuts the x-axis at the points 4 and B and has a maximum turning point at Q, as
shown in Figure 2.

(a) Find the x coordinate of 4 and the x coordinate of B.

ey
(b) Show that the x coordinate of Q satisfies
8
X =
I+Inx
“4)
(c) Show that the x coordinate of Q lies between 3.5 and 3.6
(2)
(d) Use the iterative formula
= 8 neN
l1+Inx,
with x, = 3.5 to
(i) find the value of x, to 4 decimal places,
(i1) find the x coordinate of Q accurate to 2 decimal places.
(2)
o) At A and € £(x)= o
7

(?—m)lnoc -0

=

= §-x o ar [ =0

> =€ > =)
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Question 9 continued

At A oc =1 At B o =F¢

7/

£G) = (—2)lax

€'Cx) = (9-x) | + (1) lnx
¢
£ty = B-x _ lan

’Fi(x) = ¥ — ot — x Inat

2<

'tc’(:x) = O

At Q)

= 88—t —xxlhx =0

¥ = o¢ 4+ 2¢ lns

® = 9((‘4—'"%)

XN = g

1 +lax

!
¢> fF(B,S) = &§-3%s5s —3shi3s - 0.033

3.5

f'(3.¢6)

)]

8"3-6"3'6‘n3-6 = —0.059

3-6 (Total for Question 9 is 9 marks)
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Question 9 continued

£'(x) s ¢onkivous befuween x =3¢

andk 2 = 3.6 , Since ‘F'(z.s‘) 20  and 4‘”(3-4)40

£'0x) 70 Hor some valoe bebween x =3. aul

x =3.6 . o ~coord o€ @ lies between 3.5 and JL

—
P

g
lA1.3¢

3.5512
yd
3 ‘//._%.szee
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2Cq2

¢) D)
77/

) A=,
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3.53¢g¢

3.5340

Lo adhy

of @ &

X - coocd

= .54 2 g

3.5360
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(Total for Question 9 is 9 marks)
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10. A circle with centre 4 (3,—1) passes through the point P (-9, 8) and the point Q(15,-10)

(a) Show that PQ is a diameter of the circle.
(2)

A(s, -9
P (-4,%) @)
Q (U",-w)

(c) find the length of the shortest distance from 4 to the chord PR.
Give your answer as a surd in its simplest form.

(b) Find an equation for the circle.

A point R also lies on the circle.
Given that the length of the chord PR is 20 units,

2

(d) Find the size of angle ARQ, giving your answer to the nearest 0.1 of a degree.

*)

2

G'(‘lul\(n"‘.' AP - 3 - —] - q - 3
-4 -3 -2 4
Gradient AQ = —to--] _ -9 _ _3
I§-3 2z 4

Gridieats €Che Ssame So PQ s & skaight lnae

&l\(’ov:""\ centre_ A, P& beth o~ cirl

36 PQ is a diameter
L) redivs AP = 4/'('3-—4)"'4-(-1-@)"
radivs = [125n(-a) = [z25s =5
A N ~A
, 2z s 2 Py
(ircle (= —-3') 4—(\34—1) = |

o
<
=
e
me
z
-
T
‘N
-
X
m
s
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Question 10 continued

c.) Let R(x,,3:) (-W/QN’E&\@

C":" 1)

\\ ,/ygﬂﬂﬂﬁ

Shorbes€ diskawce Ax is | bLisector of chercdh PR

DO NOT WRITE IN THIS AREA

Py Ehagorns  AX +PX = AP

2 z
AX &+ loz= 1S

SEEKES b X

Gl Ax = 15

¥ T
AX

228 — )60 = 125

o e
AX = _[l2s

n

AX = 5/5

”n

of) Z PR Q 5406 ( L in Seh\;—CtV‘f_(e)

hJ

\

\ = 4?.2° (4 w A XRA
/ M 7

I

’ .
Z ARP = cos (\'

3
J

|'s

‘N

Z AR = <L PQr —~ L ARP

= 96" — 4.2

1

412

(Total for Question 10 is 9 marks)
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11. The second, third and fourth terms of an arithmetic sequence are 2k, 5k —10 and 7k —14 S8
respectively, where £ is a constant. R

:3:b2,3:’
Show that the sum of the first n terms of the sequence is a square number. ;:g;;if
)] ;:32;;?
AP 3
l Sé a @ :315:;;
:;;
2Lnd a +d = 2k @ | =
3rd a+2d = Sk-0 ) |
(g
4 ¢tk a + 3d = Tk - A (4_)

(

a\)@

3 -2 A = I3k -10
() 2k -4

N
]
W
n

3 -(© O = k -6
5> k=(

Sub Lor K ;"! @

S

Q.
(]
(\Y

~

N\

1

H

S
]}
o

S'VL (#o/‘ o‘, “T l'~1®

a +d = 2k

a +8 =2()

a = 4
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Question 11 continued

N
3
l

S

Sm

Sn

S = 4n
Sh = (2—“‘)

‘T'kis s & j?uo\ri huml_;-er' Simce

2~ 1S an EH'EQSU

(Total for Question 11 is 5 marks)
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12. A curve C is given by the equation

inx + 0.5 7l'< <37T <y< :
sinx + cosy = 0. ——<x<—,— s
g 2 PR 3
A point P lies on C. E
The tangent to C at the point P is parallel to the x-axis. 5
e
m
Find the exact coordinates of all possible points P, justifying your answer. =
(Solutions based entirely on graphical or numerical methods are not acceptable.) :':'
(7 @
- _ 2
SinX 4+ cosy = O6-S =
A W’tb( ~ B
QS — $Sin 9 dy = O
Ao

Cosx = Siny g

S —

Ax

CosA ~ o Y
Sin e .
N o

Gerarie k. at Pis O Since f\';36 'pc\,/‘ulle‘ & x-axis
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Question 12 continued

=
g:" \/lﬂéh x = ";
< <
(%2) R
e sin(—Z) + cosy = 0.5
z N2/ J
il
E
£ —| + cosq = O.F
= A\
5
g COS:} = '.S- No .So’ué‘a‘on
Q
Whew x = Z
‘_T_T\
Sin(7 ) + cosy =05
\—'/ \J
| + cosqy = 0.5
J

B (Total for Question 12 is 7 marks)
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13. (a) Show that

cosec2x + cot2x =cotx, xz#90n°, neZ

3)
(b) Hence, or otherwise, solve, for 0 < 6 < 180°,
cosec(46 + 10°) + cot(40 + 10°) = /3
You must show your working.
(Solutions based entirely on graphical or numerical methods are not acceptable.)
3)

2)

CoSee Lo + tot 2=«

= | + CoS 2=
St Zae Sin L
B | + cosx
- S1h 2
2 c_os":(

i

2, Sinae Lo §a¢

CosSX

1)

Sin >t

A\

cobkx as re.gqvived
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DONOTWRITEINTHISAREA
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Question 13 continued
\ / A\ " 2
B) cosec (\4& 4—10‘) + co€(48+10°) =3
> cot (26+5°) = J3
= Ean (28 +5°) = )
J3
g ® = Ii‘\
= 26 + & = €Ean (qr:.; S . A
4 © 4
> 20-+5° = 30 , 2o ,}/&
-~ o T c
=2 8- = 25 | 20F%
= & = 12.8§° | Jo2.§
(Total for Question 13 is 10 marks)
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