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1. Given that a, b and c are/integers greater than 0 such that
s ¢c=b+2
e atb+tc=10
Prove, by exhaustion, that the product of a, b and ¢ is always even.

You may use the table below to illustrate your answer.

You may not need to use all rows of this table.

: ; :
] ! )
q | > 4
2 | 3 | s

Given °

C=b+2
A+ b+C =10 > 2= 10-b-C

3

we can use the two equations to  find all

PQSS'\b\Q. values QP a , b, C
() tet b=1 3 (as given)

C= |+2 =13
a=10-1-5=606

(2) ‘et b=2 ¢t (as given)
C= )L+L =4
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Question 1 continued
| aslo-2-4 =41
1(3) le¥ b=37 -» noie : If you try with
(%) m)a wil e €0,
Cs 2342L= § Which doesnt Sanishy +we
23=10-3-S23) Condiions pravided in -t
q.ucst\on .
€0 :
when 3 =6
bz=)
=3, abe = 18 = 2(6)
az=4
b= 2
c=4 , abe=32 = 2(16)
d=2
b=3
c=S , abc = 30 = 2(15)
% AL values of abc 3Jre even.
(Total for Question 1 is 3 marks)
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2. A curve C has equation y = f(x) where
£(x) = 2 vy’ =
and k£ is a constant. §
Given that when f(x)is divided by (4x — 5) the remainder is % 5\\
o
(a) show that £ = % %\
@ &
(b) Find the first three terms, in ascending powers of x, of the binomial expansion of %\
(2 - %x) -
giving each term in simplest form.
3)
Using the solution to part (b) and making your method clear,
(c¢) find the gradient of C at the point where x = 0
(2)
€ R.GHH.PIND\EZ. THEORENM
if £UX) = quokient + remander 3
N i
~ Han -(-'{ L )‘-‘- remaindur
-
so: if £ - 243
42 - S 3L
: €\ = 243
4 32
S ° (, 51)5- 242
4 32
2- S5 p = sgl 243
4 32
A
7 s 3
2-3Fk* =
L
4
MR 0 D 0 -
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Question 2 continued
-2 -S K\ /-1 -4
S (CE) )

o l - a-_
)

(b) Binomial expansion formuda 2

(24b%)" = "C 8(6%)° + "C &7 (bx) + "C & (o) 4ee

“C_ = nl n: power of binowmial

CERYE (posivion of 4erm) -1

{1--%;_—1) expanded becomes 3

=2

(2 (- <) Y (- x) + €0 (- n)+...

NOTE:» FIRST AND LAST € ARE ALWAYS =1

n
* WHEN =2n en C =n

4

=(1)(32)(1) + éllb)( )-x. +

=$1"317Q‘\' 6542.

(_x

(cY To find gradieat, find +he derivative of f(x),

) = (2- (%) 2)" cannot be differentiared. n
Mis form, So we must use e expanded (-’om

5
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Question 2 continued

g0 f(xn) = 32 -32% & 64 g".._..,,

)

N

DIFFERENTIATION

, flx) = ax™

n-\

f(2)= nax

£l(x) =-32 + 128 o ..

S

f1(0) =-32 + 128 (o) = —32
1 3
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Question 2 continued
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(Total for Question 2 is 7 marks)
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3. Asequence a,, a,, as, ... is defined by

nmw 9
a, = cos ( 3 ] CZJ
Find the exact values of 2
(a) (1) a r_Z;'
(i) a >
T
(111) as 7
3) >
(b) Hence find the exact value of terms =
e ¢ & ~
SMKZ{’H—COS (T)}
You must make your method clear. L.. Staf“'\s vale
“4) g
- )
(3\ uy a“, - ,C,Oﬁ “3,' . §
G oA zeestimy o= 1
Al &\ 3 4 >
d F A = \_J . P AN T
G 8, = €08 fany = PN ‘Q
13)4 2
(1) “53-: cos? i) = 1
y | B 3 % 1
| S0 A4 | A AR B
(b) Zr{“i CDS"( 1‘) ‘means start e sequenca
n=1 3 at n=1 and Sum an
terms Up o n=50
S 'l'kis seq.uenu. can be spht inbo ¢
2 { } + {r.os*(n‘l'l)}

VIHY SIHLNIJLEMIONOG. - = -

Where 2“- T[a, L 3,\) = STO(‘I +$0) = 123§
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. To find ni_:1[ cosr [ an\1 ¢

Question 3 continued 50

- \ 3 /7
if you Solve for 34, You will find that:

)la = CQS:' Ny -

3
|ON UNIT C1RCLE ¢
Nra cosf2N) cosfan) - _ L
an n \3 \ 3) 2
RS e CQS/J'\ mlﬂ\: _‘_
n Lt .l o \a/’ \3 )" 2
:o' “= T | 2 - L
4n SN X 4
35 3, 3

So, we know :

| a3y = './4

‘ 4 4 N 4
So 2 S0 ;ﬁ‘ +> 2
S
| '$? feosa [ nn)
: cos* [ AN\ ¢ = | \ \
n=1 A T 4 il
- 49
50 2

° | ses 2, ]M}iuvs 4+ 43 -25%9
S n-1 = 3 R 2

(Total for Question 3 is 7 marks)
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4. The weight of a baby mammal is monitored over a 16-month period.

The weight of the mammal, wkg, is given by
w=log,(t+5)—log,4 2<t< 18

where ¢ is the age of the mammal in months and « is a constant.
Given that the weight of the mammal was 10kg when =3

(a) show that a = 1.072 correct to 3 decimal places.

3)
Using a =1.072

(b) find an equation for ¢ in terms of w

3)

(c) find the value of # when w = 15, giving your answer to 3 significant figures.

(2
(2)1- Subshtute + =3, W=10 into equakon:

w=log (t+S)-log.4
lo=log, (3+S)-log.4

a-golve for 28
" Recal rwes of logarithms g

log (b) + log_(C) = log (bxe) |
T e B Tl ley Seg {2y |

0 lo 8 |o3a7z. =b
<92 ( %) [
2
2

alo=
aQ =

10 A.0F1FF...

1. 032 (d d"f"

10

R O .
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Question 4 continued
- t4+S) - (4)
.032 032

emdke + Subject of e formula ¢

w =log (t+S) — 1og(4)
1.032 .03

w = logq t+ S\
R 031 4 )

.072% = 445

4
* mulhply bhop sides of eg. by 4
VR
= +S \, 4
== g
4
Nz ta
e Su ¢ [ :

A(1.0927) = t 48

A(1.092%y-¢ = ¢
£=4(1.032%)-¢ — fing) equanion =

(Total for Question 4 is 8 marks)
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5. In this question you must show detailed reasoning.
Solutions relying entirely on calculator technology are not acceptable.
(a) Show that the equation
(3cosf —tanB)cosO =2

can be written as Quwraﬁc , O““' SO .

3sin’f +sinf—1=0

3

B

(b) Hence solve for - <x< %

(3cos2x —tan2x)cos2x =2

(3 (3cos mfose =2

C))

3&08‘,0:-,1,311&:05_0 . 52._, — -;.an& = Smo
X ] - CosO

acoste - .s\ne u{a e 1 AW =N
_£o5B

3costf - s$in@ = BNy N,

Use ldenh-l- cos*0+Sin%0 =1 | |
Cgsie 1-sin26 |

K\
y 3(1-cin?6)- SinO =2 N B

AW &-35'::"5-5'&&'-'-4 | FaVYlVW

38in20 + SNO-1:=0

(6) As Shown W (a) ¢
(A(Scosq_-y_- tanzu)cosz:vc =2

3gint2x +Sin2% -1 =0
cb FACTORISE S

Can ke
wrien 35

12
R D O R .
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2an N -0.215] 27
"i B Ol /N _Je - N | &I
B SamiL va\u.e

Question 5 continued

3sin? 2% +18n2x -1 =0

Snlx = =bEt Jb*-4ac

25
= =1 r J4x-40xn
2.(%)
FOR: - NL22 &I
snlx = A "'Gm + EEXSin,, sian-.-_"‘ ‘Gm
= 09,4343» N ”-,-, 0.3636
22 = Sm" 1+-l_) or 22 = sm” (-1+-I_
: N
2%¢ = 0.449 9% = -0.83S
ON UNIT CRCLES  ON UNIT () RCLE ¢
~ j]__ _  » N y _____J'\ ] =~
SaMme value > K \ =/ TN AN

for sindax W DA B~

Cog O

@
\
/

for sin2x
311/2 ;n/z
2% = T - 0.499 292 = =T —(-0.87F) =
= 2.64 = -2.23
So: 2% =z =2.23, -0.875, 0. 45‘1 2.64
y B 2 2 .
W = - - . .38

13
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 8 marks)
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6. The curve C, has equation y = f(x).

A table of values of x and y for y = f(x) is shown below, with the y values rounded to
4 decimal places where ap'izropriate.

Intervel bYLM +wo %-coords = h of trepezwum
AR
x 0 0.5 1 1.5 2
y 3 2.6833 2.4 2.1466 1.92
u

) 6
- multiplied by 2 AT Al are ghared by two

(a) Use the trapezium rule with all the values of y in the table to find an

approximation for LE pC'L\a
2
J. f(x) dx
0
giving your answer to 3 decimal places.
3)

A

3
il
+“—2—> :
Figure 1 Figure 2
The region R, shown shaded in Figure 1, is bounded by !7;;;
« the curve C,
. . 1 B
« the curve C, with equation y =2 — sz 8
z
* the line with equation x =2 SO
: =
* the y-axis o=
=

o
s

The region R forms part of the design for a logo shown in Figure 2.

Ni

00262626 %0%%
NS
22 >\z

o

The design consists of the shaded region R inside a rectangle of width 2 and height 3

oot te oo tetetedotets
.’afs}d ,
R

o

Using calculus and the answer to part (a),

O
“Et;‘ :
/_‘,‘;(f.

(b) calculate an estimate for the percentage of the logo which is shaded.

v
5

o
RRXXKS

(C))

o

9%

o

r
.

16
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Question 6 continued

o is given  jn formula  boolk\et.)

| DONOTWRITEINTHISAREA

(1}
.’ -
~
';

% S B
¢ !q 0 L~ o

Je =
ReMeMBER !
ne\
j.l-nd)l- < %
net
_1
- ? | 2% - ::‘}
|
‘0
§ s 4'BML)—Q- = z s
g5 L 12 /

17
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Question 6 continued

Ao = 4.845 - 'g

/o of logo shaded =  Aghaded . oo

18
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Question 6 continued

(Total for Question 6 is 7 marks)
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. The curve C has equation

122 (x = 7) + 14x(13x — 15)

21x

x>0

(a) Write the equation of C in the form

7 5 3 1

y= ax? +bx? +ex? +dx?
where a, b, ¢ and d are fully simplified constants.
&)

The curve C has three turning points.
Using calculus,
(b) show that the x coordinates of the three turning points satisfy the equation

2x"—10x*+13x-5=0

A meand £1)=0 @

Given that the x coordinate of one of the turning points is 1

(c) find, using algebra, the exact x coordinates of the other two turning points.

(Solutions based entirely on calculator technology are not acceptable.)
A A 7~ A 3)
() y= [22*(%-3) 4142 (13%-15)

21 Je

y = 1224 - 3423+ 182x%_210%
2\ x¥2

y = |').7c'q _ 3423 - 18222 - _210%
21 2'2 21> 2z 21’

simplify 2 a® . b=
a&

¥ S/ 3 Iy

Yz A x _4x T, 26 % _ox o
3 3
d= 4/1. C= 9'6/3
= .4 d=-\0

20
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' lh -l
fee(22™ —tox " 413 T -gx ") =(0)ex"2
| — 1, o

2% ‘*—10% T4 3% T-Sx *

( )

Question 7 continued

E) A | . 1 dS/h =0

¥ S79 3y 7
= A * A T L 26 0%
L + 3

DICEERENT IATION

"‘3‘ =ax"

A|| n-\

- & 2

dy -)‘(42)2“ S “q”" : /!fé):r"- ‘ L 1o)x B
dr ~ZA\A A A\ x

&/ : ~Y
Mu - ll.'nu'..!'ﬁL % I‘.'nr."'-s:g T - o)
dx

o
2% —\ox?* ¥+ 132 - S o

(¢) ¥ £(1)=0, #en (2¢-1) is 3 facior of £(x).
© Sinee f(x) = (x-1)(anoter expression) , use
—Q\gebraic division to find it

-1 |2%3 -10x>413% =S

(1) Divide. firr term of dividawd by  first termn
of diviser ° 292 = 9,2

p N

2

-3 |17¢3M-$
R “

—

_ C» 2x* is e Arst 4erm of our gquobtiend.

21

. AR O A 0 Turn over »
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Question 7 continued

(2) Mumiply our nd wWwrie undar %

¥ 2t
% -1 2% 310> 413 -
2923 — 292

(3) Subtrack then bring down next term 2

23t

=1 [2%3-10*+13e~-§

~(29e3% _29¢2) |

“R2%%+3%

4) Diw i Sion b
~ of dliviser * -3"-" -81.
p B
B 2x? _
%-1 I___—s_
= (22¢3 — 252 )
=Bk +I13x
(5)MuMiply ot and Wrie undar %

& & 2xr "3

%=1 |2%3-1022+13x~-§

=203 - 2¢2)

“89% 24132

-8+ 82

cb\ Subtvact Heen br"u\g douon next terw 2

22 _ %

-lZgS_gzt) i

2 I

-8 +l13%
— (R
(-8x *?41

-5

O
=
2
S
:\;:Ej_\
%\
?\EEK

” AR OO
P 6 9 4 5 7 A 0 2 2 3 2
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Question 7 continued

() Divide Pirst term of expretSion by first dermn

of oliviser g: =S

2x* B +5
-1 1 2%d-10x2+)3 -5
=(293 —2¢2)
“29 2 »32
—{-37:."-\- %&)
Sx-§S

(8) Muwiply our and Wrire under %

2xt - +S
%-1 [2%d-10>+3 -
o =(29¢% —22)
~R2>+3%
= (¥x*+8x)

Sx -8

q) Subtract & ,* PN/ AY
(2) | 2x* —ex + S |

%=1 [2%d-oxT+3e -5
(2223 -2 %2)
- %x’- +13%

- Sx -
'(§'7.+S')
o)

So F(2) = (2-\)(22*-3x+5)

% ==hb tybr-4ac . =(-%)% J(-2)2-4(2)(5)
22 2(2)
= 4t -I@
2

(Total for Question 7 is 9 marks)
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r

8. A geometric sequence has first term @ and common ratio r

Given that ;=32 SUM %o '\V\Finil'\l

2
(a) show that r = 3

(2)
Given also that
U,—u, =16
where u, is the k" term of this sequence,
(b) find the value of §,, giving your answer to one decimal place.
3)

(a) USe sSum 4o 'mg(-fim‘h.' formula 2

1-r
Spo = A = 3%
1-r

.3
]

/v = > r=_1
) SR8
. 0}:
. - XGER KK
Al |
W .= u,r
| |
We wnow ¢ U,=2a
r = 2
3
. J &k

24
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23

L‘_b R a= 43—2

23

Sum formula ¢

use partasl

*y

Wi1-r
(1-r)

Sp =

127 .4  (1d9.)

)

(1= 21q)

(Total for Question 8 is 7 marks)

>AC§>AC>>AO>>A<§%A@6§AA@A/
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&w lo « o2 ”o:é:o da%ess
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In this question you must show detailed reasoning.

Solutions relying entirely on calculator technology are not acceptable.

max -turn'w\j pond

Mmia 4urn; ink
Rrea = 2-(b +b,) h " Ppe

Figure 3

Figure 3 shows

« the curve C, with equation y =x’ — 5x* + 3x + 14

« the circle C, with centre T d\' I da =0
The point 7 is the minimum turning point of C,

Using Figure 3 and calculus,

(a) find the coordinates of T

O
=
=%

==
-

5
e

SN

SH

B

3)
The curve C, intersects the circle C, at the point 4 with x coordinate 2
(b) Find an equation of the circle C,
3)
The line / shown in Figure 3, is the tangent to circle C, at 4
(c) Show that an equation of / is
1 22
URERRY
3)
The region R, shown shaded in Figure 3, is bounded by C,, / and the y-axis.
(d) Find the exact area of R.
3)
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DO NOTWRITEIN THIS AREA DONOTWRITE IN-THIS AREA

DO NOTWRITE INTHIS'AREA

Question 9 continued

(3) y = 92~ 53 +23% +14

dy

dx

A+ 23 -ku.ﬂ\'mﬁ poind

= 313

3x?

(3x

x =

By u.s\
is a max\mum, while x. 3 1§ & minimum

3%"-\0:;-'-3 dz.

DIFFERENTIATION

T o)ext s ()3 f y =ax”?
= nNax

n-\

()] g_l.%
g

“-l0x & 3
~1)(2 - 3)

(FACTORISE )

o
i - .
?,2--3 are  beth turning

raf»h you can See -tha\—

j-coordina\e. at x=3 -

ERECE

33

A< ST 4+3(3)4 14
=

SO coords T = (2,5)
(o) £9. of circla ©

(=% ) + (y-y )" = ¢

know % we have = Ffind

= ?
r’=?

P 6 9 4 5 7 A 0 2 7 3 2

powds.

=
3

2
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Question 9 continued

@ Findd y by subshiubing =2 b C,
Yy=z=2%- g2 4 3x+14
2 _5ra) 4n02) 414 = @

@ﬁm r:l 51 us‘mg oistance formula
(r)s [_](‘ac--m:‘)-u.(g-\a,_\)'l
rr = (2-3) (3-S)* =10

So €q. of circw
("--‘5)14-(\,-5')1=Io

(¢) The of e circle at A is
perpendicwar 0 H#w radius. SOg

m =
Mradius
mans * 423 = -
W\'snge“’ = - | =
-3%)

Subshiute coordinates of A : (9,3)

g (1) —>
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Question 9 continued
so y=_ 2 , 22
3 3
2
(d) al = 13-51"* Ax+l4 dx - )
Jo wapeuum
ReMeMBeR !
~ " n+\
X de = x
n+i
= 4 11
Aol X S . 3 0%, 140 -1 (22
4 a 2 ] 203
- )]
4 3
R S P WL | (22
4 3 2 253
Ay = 74 46 - 28
3 3 3
(Total for Question 9 is 12 marks)
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4 ) Wpseisses
10. Given a = log,3
(1) write, in simplest form, in terms of a, U
(@) log9 z
_;;gk\
(b) log, [%) %i
3) =
(i1) Solve éi
- 3
giving your answer, in simplest form, in terms of a.
2 C))
o x® = alo
= 2lo9, 3 i Yl L Ko
= 293
(k) log, (43.)
e |
Recal rules of logarithms ¢
log (bxC) = log (b) & log_(c)
lo L) = loq,(b) = leg_ ()
= lQ% 13 = '95 {73
_@1—r\ / lf B
_ ho_ Y [“logx® = alegx)
\ |, ° ~
- - 10 =1)
2 2 /
= La - 4(1)
R
= ' a -4
2
.
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Question 10 continued

(i I Lan i
METHOD 12
log, (3% % 2%*4) =109, 6
& D W 4
loa.‘_3" % ‘°311 = log, (2%3)
xloal3 + (x+4)logq, L = r 09,3

. 3
09,3 + 1. (1) +4 = (1 +\°313

(109,24 1) = Voq,3 -3
(a+1) = a-3

®x = =3
A<\
METHOD 2 °

log, (3*%2*%24) = log, (3%2)
3* 4 Toq. 2% + log 24 =
|°'51. o9 , + 0311 s lo«hs-» 0q.2

"’l°51.3" 2loa 2 + 4loq 2 = |°%13_\‘ -
Vi
2109,3 + z(1) +4(1) = l09,(3) +
x (109,341 ) = 109,3~3
e (a+1) = a-3
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: a 2=t 1.
Question 10 continued —b = 3 /\
g

1 z

x2%*Y) = 2" xq g

3/ [2” T x 20 5

-\ 2+3 =

3 x 2 = 1 w

x-10 x+3 - f -
~ log, (3% %2 I \og 1 (logi“ =0

(Total for Question 10 is 7 marks)

TOTAL FOR PAPER IS 75 MARKS

MR O O et
P 6 9 4 5 7 A 0 3 2 3 2

32





