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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 §
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writing your answer in set notation. ;
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Question 1 continued
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(Total for Question 1 is 3 marks)



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

Solutions relying on calculator technology are not acceptable.

Given

express y in terms of x, writing your answer in simplest form.

3

Way 1:Make ol the bases the Same
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Question 2 continued

Woy 2 . Toke (9qs OF both 3ides
X1 =
10 513_‘"_1 lu\ g1

Usc |8q rule log o = 10qa -|ogb

\oq ‘\"1" —10(‘331‘5 '-\o:‘tl ‘

Use 18q  Fule Nﬂo\b" :C.Wﬁub

(X -\)loc‘q- (l‘-r2)lm‘3 =10q8)
(1oq9) oc-10q % - LIDg3)y - 2109 3 =10q )
choase base 3 for ab logs

(lo‘,q) oc -10qA - LIvg3)y - 21093 =10q; g
ax -2-y-224¢

\\: 22X -8
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3. Find

J3X4_4dx (@

2x° Z

g

writing your answer in simplest form. :Eo
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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,

()

(b) calculate the speed of the stone.
3)
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Question 4 continued
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(Total for Question 4 is 5 marks)
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VA
D
P(2, 10)
0 x
Figure 1

Figure 1 shows part of the curve with equation y = 3x" -2
The point P(2, 10) lies on the curve.

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

(2)
The point O with x coordinate 2 + / also lies on the curve.
(b) Find the gradient of the line PQ, giving your answer in terms of % in simplest form.
3)
(c) Explain briefly the relationship between part (b) and the answer to part (a).
(1)
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m
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Question 5 continued
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(Total for Question 5 is 6 marks)
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6. 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

3x° - 17x*—6x=0
3)

(b) Hence find all real solutions of

3(y-2)'=17(y=2)" = 6(y~2)’=0
)

a)

3x3-|?7x*-"Gex=0

Factonse

X(3x*-(1x-6)=0

X (3x+|)(x-g):=0

Set Roch bracket Cguval {0 3tro
X0, 3Xx4120, %x=-¢:=0

xX20,x="L,X*¢
3

b) This is <loSely linkwd to port o)
3:33 “17x?t- ex =0
3(y=2)® - LT(y=2)*- ¢y -2) < 0

5Q Oour oNnswess from G) btcoms
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Question 6 continued

- Q 2 - ’-: -’ - '1 :Q
! 3
\.’Vk —
no_ Soln
rocot ™ N
NuMmbey
\ 4 v
- - - :-! f_

(Total for Question 6 is 6 marks)
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7. A parallelogram PORS has area 50 cm’

Given

* PQ has length 14cm
* OR has length 7cm
« angle SPQ is obtuse

find

(a) the size of angle SPQ, in degrees, to 2 decimal places,
3)

<
=
()
-
=
=
e
m
2
—
23
v
=
=.2)
(23
P~

(b) the length of the diagonal SQ, in cm, to one decimal place.

P It

2)

s ¢
0) Arca, formula * 2[ L ubsinx] 2 ObSinX
>}
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Areo: (7)Cl4)Sinx = S0
98sinx =50
Sinx = 50
\8

q

33.7° 33.7°
< 30.¢77°
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DO NOEWRITEINTHIS AREA

Question 7 continued

b)ust <osine rule on trionglt Psq
Otz 724 |42 20T)(14) QoS 14932
Xtz 413.5¢59G4

X =20.3 <M

(Total for Question 7 is 5 marks)
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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’

(a) find the value of a.

C))

Using this value of a,

(b) find the constant term in the expansion of

(1 + %) (2 + ax)®
X

3)

o)

glx):(2+ax)®
Need 40 find the x° term

We know thot Rach Hferm 10 the
SxXpoansion [00ks [jke:

2 these pouers 0234 Ho foke %
these  protcn

Los4 brosket Must hove o power of §
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> 448 o Soc”®
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~ | Question 8 continued
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(Total for Question 8 is 7 marks)
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Question 8 continued
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(Total for Question 8 is 7 marks)
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9. Find the value of the constant £, 0 < k < 9, such that

9
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10. A student is investigating the following statement about natural numbers.

“n’ —n is a multiple of 4”

(a) Prove, using algebra, that the statement is true for all odd numbers.

4)
(5) Use a counterexample to show that the statement is not always truc. .
Q)
Considtrr N Od4
This meons N has 1t form JK+|
N3-n = (2Kk40) 3 - C2Kk+)
= (2kt)2k )2k +) - (2 lHl)
= (4 4k41) 2Kk 1) - (214)
8Kkt tk' Ik ART2REITIK)
*8K3+|2Kkt 4K
= 4(2k>t3kit)
= moultipie of 4 Since ‘l'XSumﬂk:ncl
b) A3 -Nn
e+ N=2
23 -2
2 g-2
@
this s not o Mulsipe Of ¢
N R 0 RO AR

20



11.

A

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 of 60 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.

C))

On 1st 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.

<t @
80 - 45¢

0) I et £:=0

k)

Az8o-45¢¢®)
A=80-45¢°
A=80 - 45()
Az80-4S

Az 35 km*

Go: B0-45e'*c
tse'** =20
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Question 11 continued

e'*<= 30 %
45
N both S¥c¢S

INne'<zn2e

4S
l4c=|n 20
45
C=ln28 * -0.0575§
S
\t

SO A: Bo-¢5€ °°57t
c)Jlet A =100
100 = Bo - 45 € ~° %57t

1'5 Q-OQ 057%1; - -zo

Q'O.OS?Qt 2 e i

q
We Son Solve this Since KWR
Can’t tgkt the Not ural 1oq of
[N I‘\e‘gq*\.\lt Numbel, hence 'No
Soluolto) . modvy MOt Q\pproph ot

(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’@=6sind

giving your answers to one decimal place.

C))

(i1) (a) A student’s attempt to solve the question

<
=
()
-
=
=
e
m
2
—
23
v
=
=.2)
(23
=

“Solve, for —-90° < x < 90°, the equation 3tanx —5sinx=0"

1s set out below.

3tanx — 5sinx =0

sin x

3 —5sinx=0

COS X
3sinx — 5sinx cosx =0

3—-5cosx=0

(98]
VIHY SIHINEILIM TON-Od

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

2

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

3
cos(Sa +40°) = 3

are a, a,, o, and a,

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

i)Scos ' ® = &siNe
SU1-sin? 8) = GSiNG
S-Ssin*6 : gsine
SS\n*é +€singd - 5:0
AU 00 O T A L A

2
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Question 12 continued
It Sine 2y
Syt ey~ 5 =9

Won+ <facionse So Need to use
quadvatt & formUio,

Y+ Z32VEe
=\Sinm=_3_x[§;--5+ x* , sine:=3-\3% L
= 0.5¢¢lg '-'--|.7§e<[
QAN $Nu+|0l'\')

o -'-Sin"(u.‘sccam)
: 34.5°
Qiven 0 <8 = 450°

t.S

It 0%, 3¢o°
\ Stait

®©=34.5,045, 5° 394.5°

i) .
8) 351N\ - SSiNX<asx 30

(3inxX:0 Cosx:3
Ctror 1iMlPssing
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Question 12 continued

§3.(° Limits: = 90° < X < 9¢°

trror 2 ,
N\lSS\ﬂ\ tht Solvt,onN - 53.(°

b) oS = 453__ =) CoSCSat440°) =5§

<
=
()
-
=
=
e
m
2
—
23
v
=
=.2)
(23
=

Not given [inis NOk
We Want dhe fourth \awrgest Positive

VIHY SIHINEILIM TON-Od

SA+40 = 120-53.1|
3Xt+40= C g6, 1
O 7 ©26.9
o=1285°
AEAR VLR AN R0 RO
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13.

log, 7 4
2.25 \
|
o log,,m

Figure 2

The resting heart rate, /2, of a mammal, measured in beats per minute, is modelled by the
equation

h=pm

where p and ¢ are constants and m is the mass of the mammal measured in kg.
Figure 2 illustrates the linear relationship between log  / and log, m
The line meets the vertical log 4 axis at 2.25 and has a gradient of —0.235

(a) Find, to 3 significant figures, the value of p and the value of g.
3)

A particular mammal has a mass of 5Skg and a resting heart rate of 119 beats per minute.

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

3

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

(1

o) hzpmt

| ets logq  bodh Sides 40 tum Hhis
Intd o linex~ =Mt mode

1oqh =l ogpm?
Use \ne\ vule laa\o\bf-\m\t’\{-l“c‘b
[oqh =199 ptlogmt
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<
=z
()
o |
=
=
)
m
2
s
=
wn
P
=)
m
=
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Question 13 continued
Use Ioq rulc \oc\m'l >q logm
lb\l\'-'lﬁqp-t giogm ‘lm"h
L.

10g..h *109,p * Q leg.M
19qish = q1og1sm 11910 p (7)

Looks like o ngsx-r; MO e|

) “\um |

g vm&w\vm.’u\% = =0,235

g‘ug? y indercept
So Y'=-0.235x+2.25 €y

Let's <opnpare © ond @

R *70.235 ond 19x1p =225

US&IQQ rvic loqu:c
= X ] §

'02.253P

pP=t78

P-‘- |7x) Q- 0.235

31
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Question 13 contnued
b)h=pm?

N 2| TN 0.235

et =S

h21T808) % %% =121 Q¢4 = (122 3 5.+

122 & 11§ (accurate +0 2 S.-F)

S fnodel 1S Suirtablit
P 1S the resting hetort rote n bpm
€ Ao

A MNMoamMmal Ravih a mass of
\ l<c‘
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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
a(x+ by +c¢

where a, b and ¢ are constants to be found.

3)
The curve C has a maximum turning point at M.

(b) Find the coordinates of M.

<
=z
()
o |
=
=
)
Im
2
s
=
W
P
)
m
=

(2)

(2, 20)

-Y =20

7
“V

7o

Figure 3 shows a sketch of the curve C.

YVIHY SIHENEIL-M TON O

Figure 3

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.

)]
0)We need 10 complere the Square
T3 42t
- 3(2x*-4x)13
‘3[(3(-2.)’--‘\'3'&8

VIUY SIHENEILIIM ION Od
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Question 14 continued
-3¢(X-2) " +(2+8
-3¢o-2) 420

(2,20
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Question 14 continued
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Question 14 continued

(Total for Question 14 is 10 marks)
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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.

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

(c) Find the value of .

2)

C))

(©)
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Question 15 continued
Plug tht qradiudt and point into
Y-y =m(x- X))

Y- &=-3(x-7)
q'%=‘3x+2|
y=- 3Xxt2S

b) Need to fing point £ N Order 40
Find Ahe Fodius' Iength

P 1s Where meets \1:—3x+25
We solve S.'MUHor\Eousu,

L ox::-3x+25
3

X 27 Gx+ TS

loox = 75

=T.5

Plug into  Rithe- Cquodion
q-‘-é.('l. s)z 2.5

W& Con NoW find length PN:p (7. 5,2.5)

NC T, 4)
39
e
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Question 15 continued

length PN V(7. 5-7) 2 (2.5-0%
=25

centre (T,4

Equation Of Circle: (x-7)*4¢y-N*=2.5

Q) q LXx+K, (x- 7]%«1 y*=2.5

. ‘fm\r‘a\'t 3 infersects
Solve s.muuontousn.‘
(x-?)*+ (L x+k-¢)2:2.5
(3%

*tongend 10 circle S intersecis ongs

There€ore We <on Use the discrmneni=o
ClL reon  root

We Nnee) +o ve - wro.n\‘ b(-(ort e can

Use Hiht e»scnmmam form
Ax*tbx+c =0

(x-7)*+/Lx+k-¢4)2:2.5
(=)
3 x> - 144 49 +§Lx‘ +_L.)cl¢'§ x,
3

<+ | koc4 K2 -+l¢-.§-‘k- tet)e = 2.5
3

40

— R 0 T 0 0
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Question 15 continued

Qrovp the X* X< and Constont +erms

S loxt + (-|+-u_ k-_t+_|.|<-_t)-'t
q 3 3 3 3

+ (ﬂ-}lcl - 4lt- aktlg-2. 5) <0
=3l_93c"+(3_.l< - §2.) X 4(k*-8K?G2.5)=Q
1 3 3

NE  brak-ge C k-8l t62.5
3

b* -%ac:=o

2K -50)* - 4( Lo)(k?*-8K+C2.5)=0

3 3 ?( q) )

£ K?-200Kk+2500 - 0K +320K-2500°0

1 9 S 9 T

4K*-200K+2500 - Y0k *t+320R- 2500

36K: ~ (6K =0
tK(Q-32):0
|< o, K.i_

<k.s up thR : 2= K=10
E&. O\lrw\é\»\ 'HL IR 3

(Total for Question 15 is 9 marks)
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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)11esonCc.(~|\ p\\)q _“_“5 ‘I.'\

» the gradient of the curve at (2, 10) is -3
(a) (i) show that the value of a is —2

(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.

0)

1)

G A& b Orc Jus+ LONS+ardS, So
We Qifferentioldr oS C\Orm«\

2

3G + 30 -39
"3 120t G0O- 39
2 & 2:-2¢
A:=-2

P 6 6 5 8 5 A 0 4 2 4 4
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Question 16 continued
i) |
SO dhe equotion bt cOMRS

10 = -161 GO0 -T+h
b=*%r

5)50 jhe u‘uo&fbn bR cOMRS

Sokionovy points When f’x) o

-0
Gx? -3o0xf39=0

Use quedrodic formuie,

S 20 IV(-30) - +(g)(39)
2(gQ)

* 30 Y38 giscriminord s
-1 <0 hence NO Sduton

43
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Question 16 continued

) given f(ax)=(

Lse polynomiol AIVISIdN 10 +ind
(OF Muliiply OUt RHS X compore
Cacf £iCitnts)

J-2x3 $155¢T-3 9+ 4+

-53348.2
7xt-3 952

72t 23
- 1lox

f(x) =
\)

4(033 -20)2+15(0)" 39(0) t ¢4
f(0) = 4«

-z.xansac‘-sqx»f =0
(Dc\; x)(-ax? -\r‘kx n\ Q

X ¢t no Soluhop
flo.2x) Meons = Rvery X Value by

C. 2
+0.2

. 0 o 2 (Total for Question 16 is 11 marks)

TOTAL FOR PAPER IS 100 MARKS
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