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fr)y=x+2x"—8x+5

(a) Find f"(x)
(2)

(b) (i) Solve f"(x)=0

(i) Hence find the range of values of x for which f(x) is concave.

D) W Red 0 O Qennake © p Y Simple  diflerentiation: %4 = N

%'(xh 2x*+ 4%x-8 M1 x
g"(x\ = px+4 A1
) X¥ equoke Yo Q-
6x+ 4=0 x=-% @
i. For §(X) to be concarve it must be bejore the point of infiection
. x<-"--3 B1
- J

RO O R A omm
P 7 2 8 0 5 A 0 2 4 8



SUREX

oS Tty
KX
'

B e a e a e
e oo te e tete v ¥ o '8Y
Satetototetetodsl @ L 4
SR RIRLRKe
RRRRRERRLRRRLREEEE

OO
Seodetodes
RS
RRRRK

o~
%
555
bt
b9o%
o

000

0’
%

8

RS

o%
o%

OO0
K%
o
dotodetes

QL
RRRK

@0

)
RN

o%

e
KK

3
RS

&
Base =S4
o

QS

z

I\l

\|
L)
R

<
-

R IIEHIIAIAAAA
QR Soretetotetetet

Dess

.
ol

<
!
X
o0

%
o

=5
ot

¥

RIS
SRR
CRKRKS:

www.mymathscloud.com

7

Question 1 continued

(Total for Question 1 is 4 marks)
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r

2. Asequence u,, u, u,... is defined by

(a) (1) Show that u, =40

(i) Find the value of u, and the value of u,

3)
Given that the sequence is periodic with order 4

(b) (1) write down the value of u

25
(i) find the value of » u,
r=1

+ 1xn ! st
35+ Fcos (F;\z+ S
35+73(0) +5
= 40 hence shown B4

Wyz 40+ Feos(25T)- 5(-0" 1

= 40 + Fcos(m)-5

=18=\U3 4
Uy = 28+ Feos (2])-S(-0

T 18+}X(0)+ 5
733=uq N~

(&)

"

(b i, ws=35 B

i, 25-¢ L~

\S Will

& s (uptBUHM 24
¢ 2uy= 65(35+40+28+33) +35 W1
=\ . . . .
=85y A sinee it's periodic we know

whok teym 25 gall be

J
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Question 2 continued

(Total for Question 2 is 6 marks)
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3. Given that

log, (x +3) +log,(x + 10) = 2 + 2log, x

)
@)
(a) show that Z
g
3~ 13x - 30=0 <
3) 2
-
(b) (i) Write down the roots of the equation £
)
3%~ 13x - 30=0 =
v
b
(i1)) Hence state which of the roots in part (b)(i) is not a solution of =
p
log,(x +3) + log,(x + 10) =2 + 2log, x
giving a reason for your answer.
(2)
(a) We need Lo wse log laws Log Law \ased ;
log, (x#3) * Log,(x+18) =2 £ 2109 ,x M1 logo logh=logak S
109, (X+3)L ¥4\ = 2.+ 2109, % alogh = Logb® 5
-
l0g, (x*+13x+30) = 2+ l03{x =
=
\oqﬁ\x +l3::!|.:\ 3\0031x = [0g0.- (0glo = log - =f
0 L ) L =z
9 K z
£
* /
e, 2
X
X +A3x+30= 4xb N =
b i. 0=(3%x+5)x-6)
X= -% ,X=6 B’
&
i X% -2 sine log cant take Megkive valuen [og,(-5) isnd veal. 1 %
2
=
o
=
m
2
-
£
"
>
)
m
o
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Question 3 continued

(Total for Question 3 is 5 marks)
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4. Coffee is poured into a cup.

The temperature of the coffee, H °C, ¢ minutes after being poured into the cup is
modelled by the equation

H=Ae "+ 30
where 4 and B are constants.

Initially, the temperature of the coffee was 85 °C.

(a) State the value of 4. x
(1) \I

Initially, the coffee was cooling at a rate of 7.5 °C per minute.

(b) Find a complete equation linking H and ¢, giving the value of B to 3 decimal places. ,;
3) s

B
(@ ot t=q, H=85 . 85z Ae 4 30 -
85: A¢30 —> A=55 [ o

_(b)_Diffeventiake: >
dk - _ 558> =

C—
ok o=

ok €=0, d.*d%_.: -1.5: s
0 OO
-1.5=-558¢ i
B=-15 —>5p=3-0p43 W)
55 X >

-0.136¢ o
H = S55e +30 A0 S5

K J '~;

RO O O R omm
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Question 4 continued

(Total for Question 4 is 4 marks)
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. The curve C has equation y = f(x)
The curve
* passes through the point P (3, —10)
* has a turning point at P

Given that

d—y=2x3—9x2+5x+k
dx

where k is a constant,

(a) show that k=12

(2)
(b) Hence find the coordinates of the point where C crosses the y-axis.
3)
(N s Moo ok %=3
dx
da <0 23V al3) * 5l ek M
0:=54-8A+ \5 «k
k=12 hente snhown A4
(b To qer the equakion for C we need to Integrake
f?.x‘- qx*+ 5% +12dx * Simple_Integration:
= Ix“-- %xs-\»%-xti-\‘lx M1 I'x" dx = 7')-7(“""l +C
= ‘Ex*- 33 :‘i-x"-e 12x +¢
to get ¢ wse PG3,-10):
-10:= '5(3)4- 3(333*' % (3) '+ \2(B) +¢
-10=81 _ 81 +4%5 +3¢ +c AWy
2 (A
¢c=-28
his s the y-inrercepr
oo (0, =29) M
10
M O 0 0 A
p 7 2 8 0 5 A 0 1 0 4 8
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Question 5 continued
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6. Relative to a fixed origin O,

(k]
* A is the point with position vector 12i ( 0 )

O
: o . 0 o
B is the point with position vector 16j ( 16 ) g
So
C is the point with position vector (50i + 136j) (\36) g
)
D is the point with position vector (22i + 24j) ( ;_ﬁ ﬁ
(a) Show that AD is parallel to BC. _E_|
(2) <
)
Points 4, B, C and D are used to model the vertices of a running track in the shape of ,’;
a quadrilateral. 2
Runners complete one lap by running along all four sides of the track.
The lengths of the sides are measured in metres.
Given that a particular runner takes exactly 5 minutes to complete 2 laps,
),
(b) calculate the average speed of this runner, giving the answer in kilometres per hour. ®)
@) Z
— - =3
«a) Colcwioke AD ond RC: =
2 o =)
D = 0D -0A 5
- (B)-(%) i
=24 =
10 =
s
- (34) =
B
- o 2
C=0C-08 =
50\_[0
= (‘\36 lG)
(%)
-~ \120 1
Now We need %o show that AD and B are thlples of_eachother
(14) X5= ( ) 8
SA-6 3( Al b
Qo
o
) = . . = =
Qince  BC is o muakiple of AD,the two qure ‘parolet =
=
2
-
=
(73
>
o
m
>
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DO NOTWRITE IN THIS/AREA DONOTWRITE IN-THIS AREA

DO NOTWRITE IN-THIS AREA

Question 6 continued

-3

(b) We need the wwgmmdeo of thsz vectors A8, B, Cb and AD.
We found vectors Bc and AD m. (a)
Let’s [ind vectors AB and. (D
AB = 08 - oR
= (&) ‘('3)
= (¢
cB: 09 -t
=(33)- ( 3¢
ol :?1'2)
Now fina the magnitudos \A_B’l, \B_>C\,\_c’m, VAD using Pythagoras’ Theovew
1281 = 12 46"
=20

'S
1ec\ = 1’ 50%+\0°

=130
iTh = /2870
=280w
W01 = y10% 24
=26 M1A4
Now we con get the length of 1 \op:
20 * 130+ 26 +28¥1 = |16 €287
s 2 \aps: 20136+ 28¥13) m
To get oner0ge speed use the

convert 2(1r6+2&¥1 D to km by dividing by 1000 and the Smiwares to hows by

dﬁvidir\% 53 60:
20136 +2801) . 136 + 281" 5 nowurs
000 S00 60 ll

woshtule nto formula;
S nto { 176 +2843

av. Speed= _—®65 — ¥M i

Sh

= 6.aaem/h to 3sp. A0

13

L
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Question 6 continued
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Question 6 continued

X5
' %
29y @ 008
PIOSO— 059

% Yo%

e
oS
KGR
SIS
SRS

bo%y TaTagecs
RIS

<

QKK
QN%&‘
Borede
QRIHY
SRR

o%
X
|
:
%

o0%!
o
<
boet,
55

2555
o2
<
oo

%5
é?%
K

0?@”00

5%

5?..
SSotodet

Sototelel

%%

X
59

9%
5

SRRRS

CRRRLK

0

oo
5
X OKRKHKHKAKAK K

OO
dedede!
O

XX
XK

KX
553

XXX
RRHIKS

%
0%

25
QORIIIRIEIE,
SSotetedete!

6
bog
o5
55
Dogoteteteses

X
S
RS
29585
29585

06
pogeses

s

A etetens
5
SRR

%

bo%es
bo%es
9%

<X
KKK,

<
s

(Total for Question 6 is 6 marks)
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7. In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A curve has equation

X+ 2xy+3y° =47

(a) Find % in terms of x and y

“4)
The point P(—2, 5) lies on the curve.
(b) Find the equation of the normal to the curve at P, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers to be found.
3)

) We need %o Wse implicat  differentiation
A\mgiar: when dittevenfacing y,

Klodne Rute: X 1lxy+3y'= 43 outighy by t_“ﬁ_
%"(uv)z\m' + 'y 3X +2\5+1x_'-l+6\3_‘4 =0 ™M *
w: 1x wu:1 lxd\l + 6\3"‘5 s -3%- -2y
vy v's % (‘lx'«@d‘-‘ :=3x2y M4

d dy _ -3x-2
Meregy W .

b To Get the gradient at o specific point, substituke the point’s coordinates

dy __3t0%(s) _ _1s0 g
dx  2-+(s)  30-4

= = = -\ | t
=1 & grodient of the Longent

To get the qradiemk of the normol use 10 ok the perjendiusior
gradient ( FRomember: the normal is perpendiodar o the curve)

lsxmz- [ P _‘}
Uee 1o get the equorion of te ine

-5=\3 - -
Y 5 = (X 1) dM4

Ily - 5% = 13x+26
= - + A

R 000 A O I omm
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Question 7 continued
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(Total for Question 7 is 7 marks)
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8. (a) Express 2cosf + 8sinf in the form Rcos(f — a), where R and o are constants,

R >0 and 0<a<%

o,
(%)
Give the exact value of R and give the value of « in radians to 3 decimal places. 2
3) 5
The first three terms of an arithmetic sequence are %
-
m
COSX cosx + sinx cosx + 2sinx X #nw =
—|
Given that S, represents the sum of the first 9 terms of this sequence as x varies, %
b
(b) (1) find the exact maximum value of S -
>
(i1) deduce the smallest positive value of x at which this maximum value
of §, occurs.
3)
() Method 1: LONGER
rewrite RCOS (6-a) using and compare coefficients
)
o
RCoS(D-a) = RcosBosa + RSinBsing E
Compare coefficients: =
2006 > Rcosw =1 =
8sing = RSind=8 . Rsinx=8 2
Now divide the two t0 Rt the =
Rs  Reind= 8 __ tone=4  ol=1326md to 3dp A >
concel  Reosl 2 > m
out tan (4 )=a 0 =
Substiluke wto R cosx= L
R= % -2 Al —> 2@ cos(0-1.326)
Cos( 4 .826... )
Method 2: SHORTER g
Pythagoras’ Theovem to get : =
()
Viegi=R—s =% @ ~— e
Now use and compove - 1 -1. 2
cos(0-a) = 2 cosPeosx+ B sinBsinx ;
wacosol= L ¢ =
=12 o
CoOSax=t_ COS(if)=0 —® oc=1.326rdto 3dp A1 %
M1 T (iw) p >
m
o
18
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Question 8 continued

i. oY r (& :

Sp="]20 +dn-0)
=T 1
oz (oS

d= sy

n-=9 Sq'- 3—|2cosx-e5s'm(q4):l‘

=45 [_1(0§x+ Bsinx | from (a)

= 4.5 (2% cos(x-1.320))

2574, 5% 2 (D
QiR

)
%-1.326 = ¢oF1)

x=1.33 o 35 O

.

J

omm MR .00 A O I
P 7 2 8 05 A0 1 9 4 8
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Question 8 continued
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Question 8 continued
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(Total for Question 8 is 6 marks)
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9. The curve C has parametric equations
x=t"+6t—16 y=6In(t+3) t>-3

(a) Show that a Cartesian equation for C is

y=Aln(x + B) x>-B
where 4 and B are integers to be found.
3)
The curve C cuts the y-axis at the point P
(b) Show that the equation of the tangent to C at P can be written in the form
ax + by =cln5
where a, b and c are integers to be found.
“4)

() Method { Complete the Squave for X:

x=(t+3)-9-16
x = (£+3)-25 M1
X425 = (£+3)

M1 (X*2'5>%'= (t+3) S&MMMMH;EQML

Substituke:
i b

35:6&1;(](4-15); use \og \aw: na. = bno.

\5: 3un(x+28) A1

Method 2 Mampulate = 6ln (a4 Ligsr
= t : z
M1y =3tn(ke3)e expond s
2 3nlk™ 6t +9) = thic looks Similay to X=4’4e-16
M1 =3Un(x +16+9) — substiture $H6E=x+16

Y = 3unlx+25) A\
&Qg 2  Mmake t the Subject of yz...
6nlc+3)

\5‘.

M o-unk+3)
‘16 n(t+3)
ee6 = €

i
€& = t+3

thsf.im o xX=...:

U]
Xz (eé-s) +6(e®-23)6

22
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5555
~ | Question 9 continued
~ Now  we need to make y the subject:
—LLg%_LAéQj_jgs{%-ls -16
, Kl
o x= €3 -25

s 3 .
X+ 25=e? }-0pply-n to both sides
‘m W(x+15) = ‘.3. '1 ne” = x
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<
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3Joc — 18
(x + 4)(x - 2)

10. f(x) = where £k is a positive constant

(a) Express f(x) in partial fractions in terms of &.

(&)

(b) Hence find the exact value of k& for which

J._:f(x) dx = 21

4)
(o) 3kx-18 _ A B : £
(x+4)(x-2) (x+4) (x-2) J | - | | find .
Aex-18= A(x=-2) + R(%x+4d) @9
Substtute volwes:

M_GLALA@JB —> B-k;l
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11.

Ihm

< 20m P>

Figure 1
A tank in the shape of a cuboid is being filled with water.

The base of the tank measures 20m by 10m and the height of the tank is 5m, as shown
in Figure 1.

At time ¢ minutes after water started flowing into the tank the height of the water was
hm and the volume of water in the tank was V’'m’

In a model of this situation
» the sides of the tank have negligible thickness
 the rate of change of V' is inversely proportional to the square root of /

(a) Show that

where A is a constant.

Given that
* initially the height of the water in the tank was 1.44m

» exactly 8 minutes after water started flowing into the tank the height of the water
was 3.24m

(b) use the model to find an equation linking /# with ¢, giving your answer in the form

3

h? = At + B

where 4 and B are constants to be found.

(c) Hence find the time taken, from when water started flowing into the tank, for the
tank to be completely full.
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Question 11 continued

(O 4]
ke d\l - K~ constonk
.‘— “In

L prooovt\ommu\g s\gn

V at {4 =20%0xh= 200h

dV 0 . . T - n-t
(Vl\ = 200 # Simple dl{{erentnotlon.% nx

ﬂ-

V

B
dh - 4V 4 dh
ok dx M‘-c,u.mexoux.
= k = 5155" M4
Wx 200 vh
& = L =—LK A
B Aw

(b) We need to Sepaxake uariokles
tveak o» o fraction

f{v’\ dhz[a dt W4

l'\megrute %* Simple Integration:
At+c I'x“dx ='ﬁx"”+c

Substiture €20, h=144m ko qer +c:

zum m?u—,c ‘1‘:‘; dmi
Substiture 28, h=3.24m to quc Ary

2(2.24) = 87 +‘1‘:§

z ‘\4_4 = 14
(3(37.4) =2 —2 B ddws

b <(3x ) - 3()

3
1000 115

: -C. : = 6\ 216
() Swhstkuie W=5: 5 E%-;c* 11.'5

- T 18.4 minutes
Sn(sh-Uy— o
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(Total for Question 11 is 10 marks)
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12.

A
N i
\ i _N,
: : : T >

Figure 2

The number of subscribers to two different music streaming companies is
being monitored.

The number of subscribers, N,, in thousands, to company A is modelled by
the equation

WV
o

N,=t-3[+4 t
where ¢ is the time in years since monitoring began.

The number of subscribers, N, in thousands, to company B is modelled by
the equation

N, =8 |2t - 6| t>0
where ¢ is the time in years since monitoring began.
Figure 2 shows a sketch of the graph of N, and the graph of N, over a 5-year period.
Use the equations of the models to answer parts (a), (b), (¢) and (d).

(a) Find the initial difference between the number of subscribers to company A and the
number of subscribers to company B.

When ¢=T company A reduced its subscription prices and the number of
subscribers increased.

(b) Suggest a value for 7, giving a reason for your answer.

(c) Find the range of values of 7 for which N, > N, giving your answer in set notation.

(d) State a limitation of the model used for company B.
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Question 12 continued

(a\) We need to{‘ind Ny ond N|x 0x £=0:

Noz [0-31+4
T 3+4
= 3} thousand
Ng= 8-12(0 -6l
= 8-6
= 2 thousond
the ditcevenw jg .- 3 -2 = 5000 subscribers

() We Weed the goru wham twe Subscribers of A Staried inceasing again, Whichis

the pont whem A hod the nwmber of Subsaibers.

TS otws Qk T=3

() We need to [ind the wwiersection poings of Nap Ond Wy
Equote Np omd  Ng:

K While Ny is decveasing, See that Ng is increasing and viee vevsa.Hente we
(eed to alwowys “[Gp" the Pradkets depemaing on whok sign the t's have(sor -)

Case T (t<3) Case T (£>3)
lt-3)+ 4= 8-12c+6) lt-3)+ 4=8-12c-6)
Np is decreasing .. 1, tausk have Ng is docreasing .. tgMust have
neQakve coebficiens. neQakve coefficient.
Ng is increasing .. 1, Must have Np is increasing .. 1, ust have
posiFive coefficien . positive coefficien .
fiip o (3-£)+ 4 = B-(6-2) ‘fi‘\'\;&ioi;-u (t-3) v+ 4 = B-(2t-6) Fdon't[lp
% s negahve‘ 3-L*4= B+2k-6  positivel kv = A4-2¢ either bracket
-t =2 +2t 3t=13
'i i :k t: %
3

Se for Np>Ng to be true, t <§3_ oy »c>\_;_
We have to give this in
telk|t< k ite_mp\a}

(d) When t> %, the number of Subscnbers would become neqokive,which is Wealske
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13. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(a) Find the first three terms, in ascending powers of x, of the binomial expansion of
(B+x)’

writing each term in simplest form.

(b) Using the answer to part (a) and using algebraic integration, estimate the value of

0.4
6x

2
- B3+ x)

giving your answer to 4 significant figures.
(c) Find, using algebraic integration, the exact value of

0.4
J' 6x _ v
o 3+ x)

giving your answer in the form alnb + ¢, where a, b and ¢ are constants to
be found.

(@) Get ths fromn the
(1+ 'X)“ =t axt n(n-14) .x7- 4 n(n-D(n-2) 7‘3
2! 3\

to gt this form  factor out 3:
(3*x}-(3)(1+1) M1

e (a(3)« TR (07 .| M

|
St
(1-3

z
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Question 13 continued

by Fyom Paxtla):

2
=s'e__+. X+ 2x° dx_ @3 % Simple Integra
3
<
184,
L 4t o4t a0 0.0
sul - ,(0__4(21*)*0:8 )_(oz. _402) (@ z)> 4N

A1

0.4 -2
3 ( 0x(3+%x) dx

01

tio

~jv'ax _ 0.4 _
S (a0 e wWE (B4 %) t ( Gx(gvx,)z dx 0R
0 SDI table method

M-’ uz 6
M

Reverse dnoun vule: divide =y - )(u_\l' dx

by the dentvodive of the bratket
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Question 1

3 continued
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3.4 3.2

= Eln(¥)-6m(¥)- 2.2 log low: lno-bab=tng

= (nfl) -£
13

Method2l  SDI —table

40

Sign | Differentiote| Inteqvate Ioé‘;(%-\-')dz dx

T+ P I . 0

- 1> 6 \‘1 - (3+x%) = -6x( 34%). --éln(3+x) ) 4

. 0 -h@sx) : [emm x) - >
MA %” o'a"

[ Sx_+ emmx{l M1A4
=(6ln(3.4)- 0D >- (6\,,\(3.,_)_ “"-Z’)ddm
3.4 3.2
log law: Uno-Lnb=\ng = 6(:\(1.})-(,(,\(!%) -
= () - 45
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(Total for Question 13 is 13 marks)
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14. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

o,
@)

(a) Show that the equation g

—|
2tan#(8cosf + 23 sin” H) = 8sin26(1 + tan’ ) 3
o
, =
may be written as m
2
sin26 (4 cos’ 0+ Bcosf + C) =0 '-2:_-|
7
where A4, B and C are constants to be found. E
3) >
(b) Hence, solve for 360° < x < 540°
2tanx (8 cosx + 23 sin” x) = 8sin2x (1 + tan’ x) xeR x#450°

“4)

@ 2ton8(8cos0 + 23sin"0) = B5IN28(1- tant'e) 5
()
=

B1 &
=
>

Substituke identities 2 s'm_eg (Bcosd +23(1A-0s™)) = Bx2sindcosBsec’d® m
Cos =2
T
290 (Reos® +23C1A-C0s)) = BX2sinBcosBx 1 7
cos0 cos'0 >
m
2 cos™0 % SINQ( Beos B +23CA-€05™)) = BXx25inBcosd x
cosH
2 cos Osin® ( BcosB+23(1-co05*0)) = 8Sin26
oo B9nlb Lrom both sides  Sin20 ( BeosB +23(1-cos*8)) - 8Sin28 = 0
fackoy ouk SIn26 sin20 ( Rcosh+23 -23¢c0s'0-8)=0 o
Sin2e (- 23cos*6 + BcosH+15) =0 s
.. . o =]
divide botn Siden by -1 $in16 (23 cos™0—BeosB=15) =0 fene Shown MR =
o
=
m
2
-
X
(7
>
)
m
o
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~ | Question 14 continued

s . S\ Tx -15) =
sinlx =0 ~2Sin ' (0 = 2 23cos*x — 8cosx - 15= 0

ﬁg 20 %x=0,%>-180 (23zcos'x +l5)(cosx-\1‘ ) =0
?”: add 36040 0 +360= 360’ Wi cosx= — 1S x=08'(-12) cosx=1
TN | 180 +2604360< 540 x =130.% +360  COR'(D = X=0 €360 360'=x4
ce - %4=360 , X,=540" B\ Aa=490.% (1)

z Solubans: X= 360, 44%, 540 4o 35 A1

50505055
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Question 14 continued
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Question 14 continued
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(Total for Question 14 is 7 marks)
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15. A student attempts to answer the following question:

Given that x is an obtuse angle, use algebra to prove by contradiction that

sinx —cosx > 1

The student starts the proof with:

Assume that sinx —cosx < 1 when x is an obtuse angle
= (sinx — cosx)’ < 1

The start of the student’s proof is reprinted below.

Complete the proof.
3)

Assume that sinx —cosx < 1 when x is an obtuse angle

= (sinx — cosx)’ < 1

Sinx - 28inXCosX + COsZx <1 14

Sin’x + C0s? % - 2Sinxcosx < A

1-SM2x<4
- Sinkx <0 A4
IL x is obtuse, it's n the 2" Quadvony and 2x is in the third or fourth quadrons,
so Snlx Must be Medakive and .. -sinlx is positive THis is 0. contradiction
with  -sindx <0

S\vX - Cosx 1 By Contradiction A1
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Question 15 continued
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Question 15 continued

(Total for Question 15 is 3 marks)

TOTAL FOR PAPER IS 100 MARKS
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