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1. In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.
Using algebra, solve the inequality
X' —x>20

writing your answer in set notation.
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Question 1 continued
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2. In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

Given

9x—1
3y+2

=81

express y in terms of x, writing your answer in simplest form.
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Question 2 continued
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3. Find

writing your answer in simplest form.
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Question 3 continued
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4. [In this question the unit vectors i and j are due east and due north respectively.]
A stone slides horizontally across ice.
Initially the stone is at the point 4(=24i = 10j)m relative to a fixed point O.
After 4 seconds the stone is at the point B(12i=#5j)m relative to the fixed point O.

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

Using the model,
(a) prove that the stone passes through O,
(2)
(b) calculate the speed of the stone.
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Question 4 continued
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Figure 1

Figure 1 shows part of the curve with equation gr=S3x"=2»
The pointP(2;:10) lies on the curve.

(a) Find the gradient of the tangent to the curve at P.

2

The point©@ with x coordinate 2+ /4 also lies on the curve.

(b) Find the gradient of the line PQ, giving your answer in terms of / in simplest form.

(&)

(c) Explain briefly the relationship between part (b) and the answer to part (a).
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Question 5 continued
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In this question you should show all stages of your working.

Solutions relying on calculator technology are not acceptable.

¢
(a) Using algebra, find all solutions of the equation §
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7. A parallelogram PORS haseareas50em®

Given K»\QS oo selt o{- Pwo.\m sdas

*  PQ has length 14cm
*  OR has length 7cm

+ anglesSPQ is obtuse
find

(a) the size of angle"SPQ), in degrees, to 2 decimal places,

(©)

(b) the length of the diagonal 89 in cm, to one decimal place.
(2)
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Question 7 continued
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8. g(x) =2+ ax) where a is a constant

Given that one of the terms in the binomial expansion of g(x) is 3402x° |
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9. Find the value of the constant &, 0 < k£ < 9, such that

J —dx =20
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Question 9 continued
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(Total for Question 9 is 4 marks)
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10. A student is investigating the following statement about natural numbers.

“n’ —n is a multiple of 4” L.
(a) Prove, using algebra, that the statement is true for all odd numbers. §
) =
)
(b) Use a counterexample to show that the statement is not always true. ﬂ
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Question 10 continued
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Question 10 continued
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Question 10 continued
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(Total for Question 10 is 5 marks)

23

VD P RO TV OO R0 —
Turn over »
P 6 6 5 8 5 A 0 2 3 4 4 urnove



11. The owners of a nature reserve decided to increase the area of the reserve covered by trees.
Tree planting started on 1st January 2005.
The area of the nature reserve covered by trees, 4 km’, is modelled by the equation
A =80—45¢"

where c is a constant and ¢ is the number of years after 1st January 2005.

Using the model,
(a) find the area of the nature reserve that was covered by trees just before tree planting
started.
1)
On 1st January 2019 an area ofs6@km? of the nature reserve was covered by trees.
(b) Use this information to find a complete equation for the model, giving your value
of @ to 3 significant figures.
“4)
On Ist January 2020, the owners of the nature reserve announced a long-term plan to
have 100km’ of the nature reserve covered by trees.
(c) State a reason why the model is not appropriate for this plan.
(1)
0) Tosk belore hreg M\;g was shoded, £30, So svoin L0 iab
et
A- 30-4Se b faxA-
4= °
@0 A= 80-%Se ) e : | becowse Qm%,gm“qg oY peare o O
= 80 -45 < \ i

8 35 kMa

\)) A- 80- ‘tScch

The st %noou\q 2014 is |k s ofler st :[M,gj 2005 o L:l
160

We ove aiven
J

Sub in A<60 and, L= [l Yo sohe for ¢

60 = 80 - kSe ' ©

-20 :-45e" "
W = 45

L"/q . el‘l’C
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Question 11 continued

Mm% = lne \ne*fc od
nYa : e Y [ ne™ - e

\ \u\u/
C = " A é—-eo\' o «sou( ca\wlokor
- -0.05729 (I 3s})

Mmﬂbjauq,mhm Yo “\nd\\'\'\g_ Comp\e\c mode
A-80-4Se "

AN

QR

(Total for Question 11 is 6 marks)
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12. In this question you should show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
(i) Solve, for 0 < 8 < 450°, the equation
5cos’6 = 6sinf

giving your answers to one decimal place.

(i1) (a) A student’s attempt to solve the question
“Solve, for —90° < x < 90°, the equation 3tanx —5sinx=0"

1S set out below.

. 3tanx — S5sinx =0

2. 3s1nx —5sinx=0
CcoS X

9, 3sinx—5sinxcosx =0

L. 3—-5cosx=0

S. 4

6. x=53.1°

Identify two errors or omissions made by this student, giving a brief explanation
of each.

The first four positive solutions, in order of size, of the equation

W | W

cos(5a +40°) =

are a, a,, a, and a,

(b) Find, to the nearest degree, the value of a,

)

(2)

(2)

]) QOSIG con be wrillen n lerms oJF snb .

sntf 4 cos?p = |

cos'® =1 -sin'd

SO, we con woke g cqrm)ém w \ermg o& Sin oy;\% .
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Question 12 continued

( 5(95’9\ : Gés'mO
S \‘S'\h"e T eSinG b o quedmic
S- Ssin20 = 4sinG ‘m i:: kms‘wo} $ind .
a aic — > 0 = 39n*G s Esinb - S
JQMS.M':\Q 5‘:%\ 6 3\) §= -S
SO,
s;\tcn:}:y\ Sn® = bt Ju2-yac
e Y& 20\
a 'Q(.
qm, anb - “6":\ ‘1-"(’)(5*’5
2xS
S.\(\e: -6-&\3_6*)&
|0
WO = - 6 i;l \g‘ G0 # ~\-F66 Veconse $in8
10 ‘/mus\a\u)m\t‘sh bekweon -1 od |
Sn0 =0.964 , - DS
6 =3k5°
e wgeis 0 0 450,50 find the ftmainilg\la\l)es by sheching
o SN %‘a()\n.
S.\“ . o . [
8 0:3¢5145.5", 3%u.S
R T Ty
1]

\80- 31..9. 3nS5+180
:\%5.5 £ 3 .S

i)l Belweon tinas 3 and U, o shdonk concala out sime. This masns Yhuy
Miss the sduhon sine=0 = =0 . (The shdart nspld hare [actovised
sine ouk S Yok \"«:\3&\;\&‘;«\ Sax.20.)

2.The shdent did vot ind ol solobiens in tha gven (ovop.

-90< x 90

('m lines S ond 6). Becanse tha cos acog\n s S\\\mkical,“«ﬂ wissed tha.
sowlion x>~ 53.\

P 6 6 5 8 5 A 0 2 7 4 4
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Question 12 continued
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4 -9 o

b cos (Sas ko) = 3/s

Sw+Uud) = cos™ ( 3/s
S 440 = 53 ]

360

S+ 40 = 5317 3069 4R\ 446
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Question 12 continued
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(Total for Question 12 is 9 marks)
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13, (¥

log,, A

055 )

2.25 . =

v %tko\\ = -06.235 S

A

e

S

o

-

S

o > &

log,. m (% o

10 ( ) : ﬁ .

Figure 2 B

The resting heart rate, /2, of a mammal, measured in beats per minute, is modelled by the X555
equation R85
h :pmq Sostese
where p and ¢ are constants and m is the mass of the mammal measured in kg. 5§23 o
Figure 2 illustrates the linear relationship between log /4 and log, m ;§
The line meets the vertical log A axis at 2.25 and has a gradient of —0.235 4@
poteer tee
(a) Find, to 3 significant figures, the value of p and the value of g. SE

3)

A particular mammal has a mass of Skg and a resting heart rate of 119 beats per minute.

XX
KKK

. yauYSIHINIL

(b) Comment on the suitability of the model for this mammal.

(©))

(c) With reference to the model, interpret the value of the constant p.

0y

VAHYSHINILEM IONOD

e pos &5 0 Jog, = 2,95 -0.235 logum

10°%" |V .

So ‘\'h.l. \Q"" hO’\& \ -»‘ - ‘o 1-.1.5—-0-—2%5103|o \A)
side is now

—egpar o W.

XX
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Question 13 continued h - \0.2.7_5 o |o‘°°235 ‘03 M vse nia 0\‘0\3‘.\( = \03
-0.235 -0. : /
oy log g 0.2 ) 0 235!o8|°m )03‘01\/\
h = 10 x 10 oo _
103

225 -0.235 -0,235 -0.23%
l'\ = 10 X W 50 lO‘°3'° : =

-0.235

h:=1t8m

So p:11¥ oad g, -0.235 b 2}

\3) Shin M:5 and ser whak valve of W v formole oves

1’\ . ngm-o.?,?asﬂs
h 1?8 x5
: l’)_l."(\o‘)m

2 122%pm  (1sb)
Nbud Compare tis b Y adwol valve O\ W c%'\\l%iv\ twa quashon

The achval volve o} b s WQbpm . This s dose o 1L 2bopm
S e tode) s sw}h&\g \) R“ o

c) h- qu
p would be the res m;\j beart ke of & moummal coibh & mass of

“fj ( This is Lec whan Mzl , M7=l o 5o hzp
whn m = '

31



Question 13 continued
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Question 13 continued
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(Total for Question 13 is 7 marks)
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14. A curve C has equation y = f(x) where

f(x)=-3x>+12x+ 8

<
(a) Write f(x) in the form s
post|
2

a(x+b)y +c §
=
where a, b and ¢ are constants to be found. s
3) =
¥
The curve C has a maximum turning point at M. A
B
(b) Find the coordinates of M. =
) 2
O

M /

R
C
/ ) \ ;

Figure 3

Figure 3 shows a sketch of the curve C.
The line / passes through M and is parallel to the x-axis.
The region R, shown shaded in Figure 3, is bounded by C, / and the y-axis.

(c) Using algebraic integration, find the area of R.

A) ('ov_wplglc the :qumall f(x.ll e 2%+ R

\ r 1 9 i. %
xe==-3xts\l2x ¢+ § \'t}houka }n.bs( of 3 (ot
-7 3 x-z'l('X.) ¥ ? \ B \

: - 37(1' 2)1’- ¢ ) +8 2 inSide tha rachedn | =
: '3\(1‘2)7'1- (2 4 8V emumbe b mulkiply e -Gty 2| 5

[l = -3(x-2)*+ 20
’ \J- v hJ

)
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Question 14 continued

wrve 15 in the form m(aub\ yc . The co-ordinale 4 Haa

J)jm
hm\m% poink ore dmg%!s (-h <)

((x) - -23(x-2) + 20

Y

Py

b-<2 cz20

Fbyc) - (2,20)

co-ordinoler of M < (2,20)

N Y
A M(Q»m) /
|
. | G
T ;dw‘F‘\
/ 0 3 \ g
To ﬁm& YW oo, 0\' R, we b nkearake Ch

4(1&_511\01:!16[- .meuu fed-g%lgu\md/\ m\-n_mSKoAAT

oven. o} tedongle Ra T2 20 x 2+ 10

ares of R = 4O — om0 ol T

4|L‘O—_o‘%1il‘ﬂiﬁ?ﬂx.

|
)

* 2\ H
M
ll

= 3 o 1 ﬂ'u I\a\ b

= Lo 3 2 ]l \L powe “ond dividing
L o

: 3 2 3 2

P 6 6 5 8 5 A 0 3 5 4 4

35

Turn over »




Question 14 continued
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Question 14 continued
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(Total for Question 14 is 10 marks)
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15.

Figure 4
Figure 4 shows a sketch of a circle C with centre N(7, 4)
1
The line / with equation y = gx is a tangent to C at the point P.

Find

(a) the equation of line PN in the form y = mx + ¢, where m and ¢ are constants,

(b) an equation for C.

2

(C))

: : : 1 . .
The line with equation y = gx + k, where k is a non-zero constant, is also a tangent to C.

(c) Find the value of k.

(&)

6.\ To de 4\ ywe. wed o Laow \'\m* w«)\aoom\w\—h. line.

bo Sn)un\o y: St }

b the

line fond Y codve b Ve wch.b P pont

%I‘udim\o]—hg/z ‘aadient, of PN= -3 \w,camelz 73><--?>=-K

E"_'
v

pg'nl; N=(? gj %=gx+c.
“:

e i o g

x &+ <

& - &3} +C

L|:—2| 1C

C= 15

w:-3x+ 2§
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Question 15 continued

\a) We 01&&(\\3 hove g codve of C s we viesd o fid the radivs

P s wware Y hrc?/&m terde. moak , So sdwa ye-3x +25 ad
/3x simo\ronously o &srd co-odinale ol P
:/2x. o eqpol /3x = -3x + 1S
3:‘3L125 s 7 oy = 25
0x= #5
=%

- (% %)

_

(ls'/z)%)

Hhe equobon o% o tilfcle |

&z‘/3x. ,30 &= 5/2

Fin&\mﬂ\n i\ \)S\g p%\r\\m&ofas Sudnich is Yo iy
oz{vtec
r: PN {(7-2) 4 (e-5)

J(Ja) (%)’

(: PN;JT

is (x-a)z (\\*\ ‘°) =’ ) Ware (Ok b) ore

Ve, co-ordinodon 2k dra @alve oo\ r\s e rochos %

(_Jt a3

(y-6) =r

(-7 +(3 ) - 5"

(x-7)
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Question 15 continued
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c)In more detail

Way 1: Use discriminant

Tangent means meets once hence discriminant = 0. First we need to build the equation
(representing intersection) to use the discriminant on

x=-7*+(y-4%2=25
We solve simultaneously

We can sub into(x —7)%+ (y —4)?=25

2

(x—7)2+( —4) =25

X% = 14x + 49 + 322 + Tk —Sx + Tho + k2 — 4k — 3x — 4k +16 = 2.5

10 1. 4 1 4
—x?+(-14+k—=+=k—=)x+k?—4k—4k+49+16—-25=0
9 37 3 3 3

10 2 50

—x?+(=k——=)x+k?>-8k+625=0

9 3 3

Tangent = b% — 4ac = 0 (tangent meets at one point hence one solution, so this is our hint to
use the discriminant which talks about “how many” solutions)

1—90x2+(i—/\'—:%)x+( 3k + 62.5) = 0
b%—4ac =0
22_4(2)(, K +625) =0
3 9
e B s ahl

4k? — 200k + 2500 — 40k? + 320k — 2500 = 0
36k2? — 120k =0

4k(9k —30) =0

30 10
k=0k=—=—
9 3
k = 0 just picks up the y = 2x tangentwhich we already know is the other tangent
10
k=—
3

Way 2: Use symmetry
(use this if you have one of the points on the circumference and want to do the question
quickly. We should use this if the tangent equation has a fraction in it since it saves a lot of
time, but be aware we can’t do this method if we don’t have another point on the
circumference)

We need point P first. We solve the radius equation PA which is y = —3x + 25 and tangent
equation y = 2x simultaneously to get this point P.

y=-=-3x+25
y=zx

L 3x + 25
=x = -3x
3

10
—x =25
3
15
x=—
2
15 1/15 5
Whenx =2,y =3(3) =3
To getfrom P to A:
X: 0.5
y:+1.5
So, to getfrom A to Q we do the same thing:
7 _ (65
(4) + - (5,5)

S0 Q(6.5,5.5)
We have equationy = ix +k

Plug this point (6.5, 5.5) in
1
55 = 5(6.5) +k




16. The curve C has equation y = f(x) where

f(x)=ax’+15x* - 39x + b
and a and b are constants.

Given
* the point (2, 10) lies on C
» the gradient of the curve at (2, 10) is —3

(a) (i) show that the value of a is —2

C
=
(@)
=]
=
=
-
M
=
=]
=
%)
>
=)
23)
>

(i1) find the value of b.
4)

(b) Hence show that C has no stationary points.
3)

(c) Write f(x) in the form (x — 4)Q(x) where Q(x) is a quadratic expression to be found.
(2)

(d) Hence deduce the coordinates of the points of intersection of the curve with equation
y=1(0.2x)

and the coordinate axes.

2

09 &\&cwrev\\m\'ms § ehiminales Y, So we con find Yhe valye ok o
Herenhole () birging don the gower Wﬂ&o\o\md\'ns one from the

pow

YIAY:SIHLNEILIIM TON-Od

“") Jax + axisx - 3
Flx) © 3oat + 30 -39
@x:=2 {'x):3 3: 3ox2 + 30x2 -3%
3-1200 + 60-39
-24% = \la
A=-2

Now soh in a=-2, ad (2,10) W ()b Gak Yoo valve o bo

‘-(1) N( 3 1Sa* -3°\1+L
az-2, x:2, 1D 0 =-2x% 4 |5x2° -3A%2 4 b
10=—-16 + 60 -78 +b
10 =34 + b
b= 44
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Question 16 continued

b) S*o&iov\m& poinks oLLuY uphen the ogodie/«\ 20, §!(1) 0. S0 we.
Musk shold Hok Thare ore W0 values' o} o wovien “{'(2)=0

{’(x) = 3ox? + 30x - 32
x=-2 '(J-): -6x? + 30 - M

sk godionk <0 —> O : -6xt 130x -39
use cw\mmkc fzmu\o\ —5 x=-30%\30"-(4x-6x-39)
x=-lbotJb?- Gac 2x-6
PR = ~30 ¥ 900 - 436
-12

e discrminant (b’ fac)
= -%0 i\l- 36 L/ s vieaakve. You connot take

-12 twe shuove rook of a
negabie number, so thre
/R no Soluons o( X .

V[O) never eguols 0, so H%) s no Sh\ima& pé\ok

¢ _2x% Ix .
) \. = 3. ! 2 5 ! davida —2.;34- le"-S‘lx ‘a4
quodsalic Q.

2

-4 | gxt “L28x &y

{[x) . (x.—k)(-Z:x.z Y Fx -l\)

A) When the corve alesecks Y 4 oS , X 2O

Q(o.u) : {0242 m i,ﬂfoz) r |S(01>_3¢1(0) L4k

So nkasechon with \A s - ( 0 4 Lt)

43
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Question 16 continued

~ Ihen the worve infersects the 3 owis wo ,se sc,(nr:):é
ik fod. prink o} inkeseckon ¢} {(x)

(1) =2x® 4 150" - 3% vurte e
C(x):0 0 : (-4 )-2x? + e -0\, J oo te sl
41714—%4%4#%%@—;“7
AT ERREEEEERRRPRRRR o SURNNR i LI, PRI I e
-3 & 1/ no mgl solubhovis, So

-4 " 1w only solukion b
((x) z0° /s x =4

when f{x)z0 x =t

nbersechon = (\'—t ) 0)
Wenedbo fyk whon ((022) <O . [022) s w Shetch o} {(x) ponll b
the x asis with o sale fador 5 50 M point o} infersecton b

J\JlLl'iplith\u) S, wwidais (20,0) .
inkenedion of & awis (20,0)

interseckion ok ) aeks ( o,qu)

(Total for Question 16 is 11 marks)

TOTAL FOR PAPER IS 100 MARKS
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