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1. The continuous curve C has equation y = f(x).

A table of values of x and y for y = f(x) is shown below.

Interval btwn +wo % -coords

N
X 4.0 4.2 4.4 4.6 4.8 5.0
y 9.2 8 4556  3.8512 | 5.0342 | 7. 8297 8.6 56

34 mu\hpl\ed by 2 @ ol dre  Shaved

giving your answer to 3 decimal places.

J‘ f(x)dx
4

Use the trapezium rule with all the values of y in the table to find an approximation for ¢ apC.'L\a

= h of Hepezwum
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- | Question 1 continued

(
b R

’04-41_44%44?6*4%9%&634%

= 6.%1414

So

~

e-%1414

s
e
} f(x) dax

4

= 6.%14

(2 decimal places)

(Total for Question 1 is 3 marks)
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2. In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.
f(x)=4x"—8x*+5x+a
where a is a constant.

Given that (2x — 3) is a factor of f(x),

(a) use the factor theorem to show that a = -3

2

(b) Hence show that the equation f(x) = 0 has only one real root.

(C))

2%-3 =0

x=23

N %
(D) sushtute. 2 Into the funcion 4o find a

_2%=-23 |4%3 R 4S2 -3 =0

vide B i 5
of dliviser ¢ Axd = 9,2
2%
22

2%-3 |4923 —Qx2+5x =3

R “

e —
-—
L]

C» 2x* is e Arst term of our quotiend.
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Question 2 continued

(2) Mumiply our gnd Write under

¥ ot
2%-3 |4%3 —Qx2+5% -
4¢3 — 622
(3) Subtvact then bring down next terw ¢
2x*

L%=-3 [4%d —RQx2*4+5% =3
_!435 _é;t! *

~=2%*+5%

i %R
T =2t ..
2%
: 2x* _x
2%-3 y _ 2 [
A 3 _ 2
- 29% %> + 5%
AV - { W °

& ; 27:.;-7:

L%-3 |4%3d Qx> +5x -3

“(A%3 —ex)

-2%*+5%2

2%*+ 32
(¢) Subtvack then bring down next tern 2
2x* _x
2k-3 3 _Qa -
- 3 _ (R |
— 22 !
- [(2%*+ 3

2% - QTotal for Question 2 is 6 marks)
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() Divide Pirsr derm “of €xpresSion by first deren

of dliviser ¢ 2% =1
2%

2x* _2 a1
Lx-2 |4%3d -Qxt+5x -3
--(423 _6!1-'
~2%*+5%2

—(2%* « 3IX)

2% -3
(8) Muwiply ot and write undar %

nfu:_x\“

2%-3 |4%3-Qx>+5x% -3

--(4-,‘3 _6!1’
-2%*+5%
(2% + 3% )
2% -3
2% -3
cy S
(2) Suwtvact = N
2%-23 |42 -Qx*+5x -3
-4+ -63“-)
~-29%¢*+5%
—(2x*+ 3% )
2% -3
-(22-3)
V)

£(x) {2%-3) 222 -2 1)
(b2-4acy
(1)*- 4(2)(")

So: fix)=0 has only one. Yoot , 2= -3
2



-
3. Acircle C has centre (2, 5)
Given that the point P(8, —3) lies on C
(a) (1) find the radius of C m 1
(i1) find an equation for C .‘a“ge“r = = m .
rediusg @)

(b) Find the equation of the tangent to C at P giving your answer in the form
ax + by + ¢ =0 where a, b and c are integers to be found.

C))

(a)( 1) —
N
/

(2,5)2
\

\ .
Centre Circl. C

2
(2 -x Y + (u-y N
Cenive Y Veewhre
(8—211+{’(—3)-5‘)’-= %

W+ 64 = r?

= 10
1) Write found r inwvo WMo eguarion 3
-_— Yol Can
A\ _ =\~ = 162 )

\/

or uwrile %

or Ny powny on avcle C. as 10d.
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Question 3 continued

(b) Y =(Mmixxc

m= 2 — 8 ==l . -4 m .
5 — (-3) 8 3 > rediug

The tangew} S perpendicular fo e radius,

M, =-=4  4han |
radius ~ "3 \

Plug in (8,-3) 4o Bind C
-32=3 (8)+c —» ¢=-9
o 24 O ANWNIN\ _J Jon D /o6 AR
—> y= 3 3 -9 N~
IR . i

" The q asked fr ine answer in e form:

> Ax 4oy * C SO ¢
4 =/a -
(9= (3x-1) 4

= 3x -3
247@ =

5 ; - (Total for Question 3 is 7 marks)
7
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4. The binomial expansion, in ascending powers of x, of

3 +px3 a+br)”
where p is a constant, can be written in the form

A+ Bx + Cx*+ Dx’ ...
where A, B, C and D are constants. BONUS NOTE : BINOMIAL
(a) Find the value of 4 COEFFICIENTS RRE SYMMETRIC

(1)

s
(3+px)  has Six +erms, whae:

| VAVSIHINIILEMIONOG

Given that p . R . i )
. B 136 C_ + C_+CatCovcve—
* p<0 Where = ‘Cc = ‘¢
(b) find SC - _r.c-
(i) the value of p ' = %
(i1) the value of C
(6)
a+be) = "c & 4 "c " L R
n | =,
C., - ne ne power of binomia\
(n-y10) (position of +erm) -1
A ig e RArgt derm e
___5__5__T FACTORI\ALS
A ="C_3 (px) 2! = (% ANX-2)-... (1)
31 = 3x2xy =6
A= 51 ,5\,., St zsxax3xaxisio
~ (5-n)01 0l =1
A= 120 (a42)(1) = ()(243)(1) = 243
(5)\ 1
=7 : A= 243

[ 4 .
NOTE : FIRST AND LAST C ARE ALWAYS =1 .

VIV SIHLNIILIMM IONOG

| vawsHivElMioNod
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C3 lpx) WESS
Dxb= % - : o
A i (s ) M'u) |
= 120 q p_o
* (2) () )(Px’) 2 (6) (q)P x

Question 4 continued
3
(B)(1) A+ B « (Cx? + x
24% + B + Cx® + D

O Find B :
Bx 1 4he Second term :

B ~=SC. 35-‘(‘;1)'

B = 4 )
— ,. () (p2)
Bre=_120__ (g1)px = 120 (g1) px
(4\‘(‘\\ 24(1)
_ Bx = 405 px )
A\ p $=4OSP____ AN

5. 82 el D) B

23 = qOP3 x?
QOP3

Since. B = 40Sp
B=1%

owin MO
P 7 2 8 6 9 A 0 9 3 2
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Question 4 continued

~ “4osp = 18(40)p? 8
I x (40Sp)= 12(Q20)p3 x !

=
P P =
=z
r!—bi" =1 1 P= + A Ly
1 447 2 -
p=-J sma PLO -
i (stated n gq) -
(o) (i) g
~Ca* s fae third 4erm ¢ fg
Ol = sC EH(P x\z
Cxl S (33)tpz\t
(s- )11} '
€l 120 ( t _ 120 2,2
3y '(2) (6)(2)

( 'J-) 2
c = 35

2
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Question 4 continued

(Total for Question 4 is 7 marks)
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5. Use the laws of logarithms to solve

log, (6%) + log G+ 1) = 3 + log, (x + 6) :8,:

(5) 2

3

log, {lex] 4 log (x+1) = 3+ log, é'

siRecat e ruks of legarithms S T é:'

loq_(b) « leq_(c) = bx C =

| log (b) & log (<) |oga( ) 2

S - \ :
3 a al=-T)

(® rearrange 4w eguahon
log (o) « Iogi(z.-bl) s 3*M
- lo

;;:UJ

L =log(x4)  —loa—€x¥6) | S
55

@ Use W rules of logarthwmg o g
log. (lox) + | (x+1) = log, = 3 §
?

RS % tatatatatototototototel

=)
(@)
=
azb —y 2° -
] - g_a
1031 ;:
r i,
o ey, [lextain ) <3 -
x4l z
=
r X X"
. J
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Questlon 5 continued

mya(ll:

qer rid of denominaor— o

z[zﬂ)) = 8 (246)

lox(x41) = 8(x+6)

(® erpand both sidas ¢
lox (x 21) = B(x+6)

16x> + b2

Combine \ike dermS rd ™Mave Al 4erm¢ o ava

eido e

62

lox?*

 rlon = RuvAC
—$x-4¢ =3=AT

+|l6x -%x-48 = O

16%?* + 8x —48 =0

His

@ Fadorige
[lox® +%2 —48 =0 | = 3

(

s 2 guadrakic  equaten , hena 3

quadrakhic  egquahien 3

2a* +% -6 =0
2x%-3)(x+2) =0

D Selve for = *

O =

=0 2+ =
_3_- - %€ == —\-R&JGC.TGD;
2 leg, (16(-2)) = leg, (- 32)
log, (-2-1) = 109,(=3)
dnd lo§ of 3 wneqabive vawa is
naty pesSside.

= 3

2

(Total for Question 5 is 5 marks)

13
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ALTERNATNE //SOLUTIAN ¢
(® rearrange Hw €gudhon

log LiGx 1 + logA==T) = 3 +leg,

v‘b%tc“ox) — ‘°31(2+1\ - |°31c2*1> - 103 (“.X)

...g_=_;§ N ‘ej" @ lq,(lbx] - IOS.‘_(x-H)
3 = lejz - Ioszflbx\ - ‘°3-,_(x*\)

@ Use M rales of leoganthme ¢

C)(-s =‘°31. = Ioglflbx) = ‘°3‘2.("'“))

‘°31. - Ioﬁlflox) - loa 1(’“ 1)) = -3

l°3:.( o ) = log,(x+1) =~3

lo = -3
r ( lbx(x-tﬂ)

@ Use e ruleztlog a -1 ,° < 3

'°31( x4 b ) L e

lox (x4 1)
x+ 0 - 2-3
16 (x+))




%+ \ Cross
Lox (o1 93 vvtu\ﬁPIY)

lox(2%+1) = 8(2+6)

lox*+162 = 4R

- Qx -4%x -%x-—-A4%
(12t +$2-48% =0 | =%

2
2% 4+ 9% —bx =0

(22-3)(x+2) =0

X= -2 Xrejeck (reaSor\ n fvst
| l Solurion

2



6. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

A software developer released an app to downloadrmu‘ﬂphl term Value x4 000
4o find no.

The numbers of downloads of the app each month, in thousands, for the first

2k-15 k k+4

where k is a constant.

Given that the numbers of downloads each month are modelled as a geometric series,

(a) show that &> — 7k — 60 = 0 has common
ratie (r)- @

(b) predict the number of downloads in the 4th month.
sSum “4)

The total number of all downloads of the app is predicted to exceed 3 million for the

first time in the Nth month.
“—= Sum up to An > 3,000, 000 =1000
(c) Calculate the value of N according to the model. > 3000

@)
)
(3) 2k -1S < > g - > w4
3, Common g common aa
ratio (r) ratio (r)
r= 3 _ & r=3% . k+4
3, 2k ~IT LY "
T =T =% (common vavio is egual
2 - 93 betueen Wy 4wo

a, - | 1 conSeculive 4ierm s\_

om = k+4 ( crose  rawltiply )
x e )
((multiply ‘orackers) LL ©)

(21— WXIHA)
(comibme Wea termc) K 2 2 4 8 - 1Sk — @O
e 1k - Ik -Go
"ki - W

o et - 3e-60

three months after the app was released were QF dO\”'\ \Qad& :

_ YaMVSHINILMMIONOG
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Question 6 continued
5-: 2.7k - = \ ik o
W
7 k*-7k-60 =0 - -
E (k-12)(k+5)=0 REJECT § w cavnor
E' be -ve. \¢ k<0o,a8\
= K=12=0 or k+S=0 ierms become -ve,
5 e = (2 or k= -5—» No. o[.’ downloads
= ""' ca* be -ye.
(=) - -
|8 =20m)-1w =49
E f/ a; = ¥ S
% : 9a= 1. +4 = 16
E| p=__12 = 4
2| iyTis 3
5 Loows uke I ;4’:' =16
ﬁ ‘3
< 4200 (3 8F)
= each ‘erw
5 iS in ousasds
£ 8 A, + +
2| Use partial Sum formuia :
e N
: S { = avf1-r)
2 U (1-r) J
15
am AN WA O 0 N R A 0 Turn over »
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Question 6 continued

~

l* .N‘
= “(7s) ) 5 3000
(1 -4)
l 1-{*/;,)") > 3000 , L
3 - Vo 3

- =("7s) ) > 1000

-9 "'ﬂ‘i_; ,‘ > 1000

—L+-9 (+-9)

ﬁ';” :

o ¥3ke log of both sides!

loa 9 _li S log 1009

(o)
* USE puLeE : loqd” = blogd

4\ 00%

3 q

* Divida. bo¥n sideg o make N subject

NI 4\ S |\ q \
Sl ’°3{"m%|)

]
NOTE !c3(4/3)
\S positive , Se

16

P 7 2 8 6 9 A 0 1 6 3 2

OmC .

X XXX
2R
RO o

oIS
Boseeiels
KBTS
‘00 X

55
=

S
XXX

proseses (5
%



www.mymathscloud.com

a N

HXL

X
2020 %0%6%
CHRHRK,
s
ROHRRS

XX

SRS
20
%

Question 6 continued

| 1009 npuk invo
N L calculgror

N> Ing(:) as-\s.

N> l16.40F%

e
RS

555

XX
QR

&

%
35
ot

0:.
XK

XX
K5

’:::‘::.’
o :‘
%%

L
000

2900008

A ::0::0

KBRS
RRRKS

2
KL
0
XK
o

(Total for Question 6 is 9 marks)
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7. The height of a river above a fixed point on the riverbed was monitored over a
7-day period.

The height of the river, H metres, ¢ days after monitoring began, was given by
moni\'ﬂ'ﬂd-
HZ—\/;.(20+61‘ )+ 17 0<t<7 C
= ~—» d H h

Given that H has a stationary value at 1 = a
? dt 7;'7"7777777_

(a) use calculus to show that « satisfies the equation

rverped
5a°—18a—20=0
3)
(b) Hence find the value of a, giving your answer to 3 decimal places. d" H
. . . dt?
(c) Use further calculus to prove that H is a maximum at this value of a.
(2)

(3) @ Rewrite ¢

, 4
, multiply 25 i
Ha 1> (20 +6Lt-12)+ |7 7 Wo brackers
?-b ; — Y4l ||| AW 2=
| ét"" 4"(6b) 22 aPx 3% = 3%"
ii=‘;‘, * - -3 |2
— s,
we €% i S o |3 DiTFeesrTIATIW
10 16 (AR =ax”
372 8, y -\
e ¢ , 3257 & 3 | Y _ o ax
- . 2 | d= g
@ DIFFERENTIATE ¢
(1g-1) (=) (S)q=1)
du_, s & 23 & * —( )
dt 2 240 20
<! 1 V)
an .Li" + IR <o { sta¥ionavy)
FUEEE’ 20 s

18
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Qiej:;:l': C(::tmia:"' - ‘_:"‘ = 0 ., muiveN .?d\
2 20 3 by o~
Yy 1
Lo e & aMet) < 1 o) = 0la%)
2 20
_l_ + _‘_‘_ - —;—0(1 = O
2 20 72| LCN ofF
d(40) , X (40) 4 2 (40)=0(40) |2,8,20 is

-’lx(q,o + (R} -_su")':ox;-‘\

(by Sot™ - R — 20= 0

54 - {81 —20 = O L\

a b \ £\ )

xo, =b t o —4ac ., -LW)E WY~ 4ls)

~2a I ¥ { 5 F—

a = A=dW _ _o.391X reject; time cont be
g

R——=

a+ Jin UES -

B E = 4.4 i
| () A% <o 8t maximum poiwk.
T L
dH < .L* 2 + q_‘l'.',’. - ‘_‘&‘,‘.
At 2 20 3
- -\ 1
d*H -1t 3 Y A 4 /o
— R Te— &+ — - —
dt 4 40 16
-3 -1
ret (440) 2, X (4A1) L(4.«|)"‘= - 0-21%
4 40 e

O =

—0.23\F <O —> S & 13 ar:‘a:’..

(Total for Question 7 is 8 marks)
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8. (1) A student writes the following statement:
“When a and b are consecutive prime numbers, a” + b> is never a multiple of 10”

Prove by counter example that this statement is not true.

give example that contredicys @
(i) Given that x and y are even inte%ers greater than 0 and less than 6, prove by -|-h'_

exhaustion, that
’ wholt numbers stalement.
& txy ol .
l<x— = <15
vawes 4 3

Show inequalily s true.
(VD primess 2,3, 5, 3,0, 13,..

seuate , 2* 3%, §* 3%, 0t |nh,
tham °® 4 9 25,49, 12, 169
i 3

/= 49 +121 =130

» muitiple of
MEIPN @« : . lo.
Qo : Stalemewr (s not frue as J gud ) are

two consecutive prime vumbers , and

T2 3U2 =190 which {s &8 mulriple of 10.

b) » 0 %<6 *0< y <6
e % IS even e Yy is even

e X & O whole no. e Yig & wheh no.

z cwm be: 2,4  ycembe: 3.4

so, 4 cases  exhoust s

1< 22 - 2y <15
4.

-
- -

4‘_(“)& =212 —» 1<12 < \S i true
4

20
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5

| Question 8 continued

4 —»1< A<

1S true

@x:l r y=2

a%  (2)(2) _
- 4

o . 1

eSS

(Total for Question 8 is 5 marks)
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9. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Show that
3cosf(tanf sinf+ 3) =11 — S5cos @

may be written as q.\k@dfaﬁc / Oﬂ‘\f cos 0 .

3cos’0— 14cosh+8=0
3)

(b) Hence solve, for 0 < x < 360°

3cos2x(tan2x sin2x + 3) = 11 — Scos 2x

giving your answers to one decimal place.

>~ R 4
(3) 3cosf(tanBsin® +3) = I| - 5cos8

3COs0LaNESING + qcas® = U-5coSO -» tand=Siné

2250 £iN0 SiNG + AcosH = I1-5ces®
| LoD

SNt = 1- €0sS?6

Use identiy ¢ Sinte +cos?@=1|

- 3 ([1-¢05208) 4+ 9¢osO = N-5¢osd

os6

. a-3Acet>@+4esU= l1-5¢0s8 000

. =24 Aol H —0s0 -3+3co3*0 - 9080

3cosr9 -4 co®@+% = O

(b) AsS shown in (3) o

g,‘.{,; C)Scos 2% (4an2xsin2x+13) = || - Scos 22
s € B
oL Acos* 2% - 4082 +Bz=0

<

2
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Question 9 continued

et

A= CosLx :

3L -|4% +8 =0

(3 -2)(x=-4)=0

x=2 or 2= 4 REJIECT,
( 3 ( ranqe of
cos2x = 2 082x =24 X y=cot2x
is -ISyg)

O =

So

R, ) %2

x2
: Cos2x = 2 0<x2< 360°
3 2> 4

0< 2% €320°

 coy™ %;4-3.18%1:(;: (on cakulater)

2k = 48.2° (1)

ON UNIT CleCLES

$ 2% 300°-4%.2 = 2n.g° (l1dp.)

P 7 2 8 6 9 A0 2 3 3 2
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Question 9 continued o
qu;_‘. 0<2Lx <« 320
2% = 48.2 +360° = 408.2° (| d.p)
= &% +260° = bLF\.8° (W d.9)
2 = 42.2° , an.8°, 408.2°, 6N.8°
. X 2 2 2 2
V4
% = 24.4° , 155.9°, 204.\°, 335.4°
o%}g
- |

24
RN 10 DA R0 oam
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Question 9 continued

(Total for Question 9 is 7 marks)
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wieqrated AS —-\S.

10. The curve C has equation

@ .
where £ is a positive constant.
(a) Show that
16 02
(x =) dx=ak2+bk+
A

where a and b are integers to be found.

C))

Figure 1

Figure 1 shows a sketch of the curve C and the line /.

| VAUVSHINIILEMIONOG

vauySIHINIZLEMIONOG

Given that / intersects C at the point A(1, 9) and at the point B(16, ¢) where ¢ is
a constant, I — ; A
(b) show that k=4 g /
@
The region R, shown shaded in Figure 1, is bounded by C and / : 8
Using the answers to parts (a) and (b), é
(c) find the area of region R :Eu
@3) =
expa -)* 2 1. g2 2 %\
' = z
@ rewrite a3 separste fracnens 1
L ) ~;<;~\:/,/at/:\
26
N OO0 A =
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Question 10 continued

"Q x’-_ QJ-L4 "4

A A T

(2) rewrite {x as 2™ ¢
) -

b |
y = xt - 2kx 4 lty°

.’.Va. x 79 zVa,
. W e ° b-ﬁ-
imphfy termg 2@ 8° =
V = ;%- 21 4 I:"J-i"'

3 Y -
rlb x.”'- m"-ru" 2 e

/ ' rReMeMBeR!

n+*\

- — 17
I apx 7t g g
S/a 3, Yy

_J - ‘

16

_ e
[153/1. Al 52 |
5 3 1,
o o

.

J

o RO A
p 7 2 8 6 9 A0 2 7 3 2

27
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Question 10 continued
9 S7a 4 “I’_ o "3..
< (o) =k lie) —+ 21> (16) -

[ﬂ; oy ___n£1) . m"m

[1043 - se gkl]mlk]

2048 _ 286 . ., Be: _ 2. ., 4. _ 2k?

s 3 3 3
2048 _ 2 . gr*_2k* _ 256 . 4 4«
s s 3 =

S T 3

4 k™ _ g4k
> was given in queshon

(b) Subshiute (1,9) inw e3- o Givnd I

9 :‘1'1}1-
s KN

J_ “1(1- )"

9|

= -2 Xreject; k is Pposivive

28
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Question 10 continued 8 [ 6 / ﬂ.)
= J \ h(1,%7) i
2 ! 1 bq
b, :
FIND §&: 1
= (lb-41" =
RITA
= A -\ - 6Gas
e 2 ) 2

= 63 4o = 183
L J lo

(Total for Question 10 is 10 marks)

55558\ J
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. recucsive sequenca |

11. A sequence u , u,, u,, ... is defined by ( P'“ﬂﬁiM -\“ a “'C"W\ SRS

u.  =b- aun{ on e rtShl' 3'\“5 8

u,=3 he next erm on  §_

where a and b are constants. 3;2“'3_"3 \e?*\ %

(a) Find, in terms of a and b, "E" }

. =

Dby s By (=) :

U=l 4y (n=2) @) 7

Given ’

end e /q-lu'ms TU AU, AU,
kiun =153
n=1 . :

Sum bstarting Value -

(b) show that 3

% %

a’—5a—66=0 ; :

(3) ,:':a %

(¢) Hence find the larger possible value of u, X E

it 5

. . ) °o & E '/

@W&h&é o N

B

n

u " = b_a“n —» Notice how

iS 1 vwore “han n

Lea’s Find o
() U,y e

_ vauvsHiNiILemionod

U, = b- = b- - =\ - +23%

— RO O
OmC .
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~DONOTWRITE IN THIS AREA
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Question 11 continued

2 Y NS art ' — (A
U, <= AT ns 2Ya'e 'Y ,
naA 4ermg up to n =3
3
u = U.$+ U, + = 3
h=A4

3+ b-33a *h-9b .+ 33* = 153 b==+‘li
S S o i

3+249-33+3+9 -a(a+q)+33* = |63

at -85 -Ge =0

(c) Factorise a*-53-66=0 ¢

(3 +6)a-n)=0

POSSIBLE VALUGS OF 3 <2

J

o RO Tum over »
p 7 2 8 6 9 A0 3 1 3 2

31
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Question 11 continued

21 > =13

So U, = 39— larger valuel

(Total for Question 11 is 8 marks)

TOTAL FOR PAPER IS 75 MARKS
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