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g(x)=3x> —20x" + (k +17)x + k
where k is a constant.

Given that (x — 3) is a factor of g(x), find the value of £.
3)

I (x - 23) s o fockorof g(x), 4(3)=O
0(2) = 3(3) - 20(8)" +(k+(7)(3) *k =0 ©
- 180 +%k +S]1 +k =0
4k -48 =0 O
k=2 0
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2. (a) Find, in ascending powers of x, the first four terms of the binomial expansion of

1

(1-9x)

giving each term in simplest form.

2
(b) Give a reason why x = By should not be used in the expansion to find an

approximation to NE)

€))

\N\‘/ ‘\\\\< K \\
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b) He expansion is only yald for

-Qac

< | g!x<;—:-
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3. f(x) = x+tan(lxj 7r<x<3—7r S8
2 2

Given that the equation f(x) = 0 has a single root a g
(a) show that « lies in the interval [3.6, 3.7] Sk
s

@ 5

=

(b) Find f'(x) “E‘ :

® |3

(c) Using 3.7 as a first approximation for a, apply the Newton—Raphson method once to s

obtain a second approximation for a. Give your answer to 3 decimal places. : ;J; %

(2) 2

- oAd f(ac) 1s conhavcus n BwS (a2 ruah
- Bhere s o ook X o [3-6,3.72] (D

b) F(:t) = Eou\(:'x\

C.) ‘x- = xy\‘ -

/[ g:j'_ {
%" 83 - O g
|+ sect( 37| g
2
r.T"'\
= 3.6%205 ... =
= 2.6F2 (3dp) Q) %\
5
\ J :
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-
4. Given that y = x°, use differentiation from first principles to show that % =2x
3)
dy = im (Xth) " -x"
dx W0 h
= m 2+l W -x® ()
>0 N =
= llYV\ 2x +l/\'L m
>0 N =
- m (22 + I )
=20
=22 (D
. J
8
MR 0 R OO am
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5. The function f is defined by 53555058

2x — 3 oa'atalec0
fo)="5—, x<R 3

x°+4 | g

(a) Show that =
ax” + bx +c o

f'(x) = ; 3 S

(x + 4) S

4

where a, b and c are constants to be found. S

3) =

‘m

(b) Hence, using algebra, find the values of x for which f is decreasing. e
You must show each step in your working.

3)

) fL(x) = ZX-3
axt + Y

0]

Ot et O e S e e et e e L L OO ot ted X

‘ ®
F(x)= 2(at+U) -2 (2x-3) = Jat+3-Ya® +éx
(e 2+l4)? (Lt U)?
= =22 +6x+3 ()

(rx_‘L 4_“”'2.

KRERRRRLRLRLRRRRLRLRLRLRLRLRLRRLRLRLRLILRKRLRLRRRLK, 2 2 2 2 2 2 2 % % % % X

b) (x2+44) >0 Y=x ~f s decreas\ng whea

“2xT+bx 19 <0

2t -3 -4 >0

5\ (x +1 x-4)>0

catcal vadven: x =Y, x=~| @

’___————-

\ / choose outude re%\onf

v.'““\ ,/.A-'w* Ve
7 A<~ or a>U
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Figure 1

Figure 1 shows a sketch of the graph with equation
y = 3|x — 2| +5
The vertex of the graph is at the point P, shown in Figure 1.
(a) Find the coordinates of P.
(b) Solve the equation
16—4x:3|x—2|+5
A line / has equation y = kx + 4 where £ is a constant.

Given that / intersects y = 3|x — 2| + 5 at 2 distinct points,

(c¢) find the range of values of £.

) Phos [x-2[=0  y=3]2-2]+5

2

(2)

2

xX-2 =0 =S

oc=2®

p(2,5) 0@
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Question 6 continued

b) lb-Ux =3]x-2]+5 \ consider seluktons for [x-2[>O

SInce bwere awe a0 Solukons For

L-Yx = 3(x-2) +5 ¥ |x-2[40
\ )95

L-Yx = 22 -L +5

(l

ul

|7 = #x

®

X =

E

c) 1f k=z3, thee (5only one solikion as

W=k +Y4 wil nover cr08s e positve broncn

of y=3|x-2[+5

f y= kx +4 Fouches P there & ovly ov solyHon.

U I X=2,42S: 5 =9k +4

ﬂK:’%"H: ®

I
z 2

so_gradwent moskbe steeper Bhan

N -

¢ k<3

©

7z

(Total for Question 6 is 6 marks)
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While the tank is leaking, the depth, H metres, of the water in the tank is modelled by
the differential equation

N B
) RS
—————————— Diagram not drawn to scale. e
g/;
=
1.5m é«\\
oo~ &
=
SIS
\E\
__________ o
\E\
Figure 2 \%\
Figure 2 shows a cylindrical tank of height 1.5m. 555
Initially the tank is full of water. = wwea =0, H= 1.5 .
The water starts to leak from a small hole, at a point L, in the side of the tank. {/
S5

A7 _ 1002
t

where ¢ hours is the time after the leak starts.
Using the model,

(a) show that
H=4¢"" + B

where 4 and B are constants to be found,

3)

(b) find the time taken for the depth of the water to decrease to 1.2m. Give your answer
in hours and minutes, to the nearest minute.

3)
In the long term, the water level in the tank falls to the same height as the hole.
(c) Find, according to the model, the height of the hole from the bottom of the tank.

(2)

LE

o) dH --011¢e "

dt

NN K 0 A 0 arom
P 7 5 6 9 3 A 0 1 4 4 4
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Question 7 continued

N9
OLCT

H=056e c ()

sup (a4 E=0, H=(.5

.S =Q.be'+C
c=0aQ

H=0.6e > +09 O

b) subin H=(2

O- 9L
U LS

.2 =0.b6¢ +0.9
0.Le°* =030

e =0.5

n0.5 O

l
o
>
o

n

-Sia0.5 = %Y1 hours

T
]

= 2% + (O.U? Xb()) roinukes

= 2 hows 2% mavken (1)

so H hole 15 O.Am From Hao bottam
0)

S
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Question 7 continued
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Question 7 continued
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( )
8. The functions f and g are defined by
fr)y=4-3x> xeR
g(x)=2x_9 xeR, x#—
(a) Find fg(2)
)
(b) Find g’
3)
(c) (1) Find gf(x), giving your answer as a simplified fraction.
(i1)) Deduce the range of gf(x).
3)
The function h is defined by
h(x)=2x>-6x+k xeR
where £ is a constant.
(d) Find the range of values of k for which the equation
f(x) =h(x)
has no real solutions.
0) 3)
0 ()5 =~ pl1)= 4-3(-0)"
2(7.) "q - [
fa(2):=1 O
b) Y= > 3 22y -9y =5
x -9
22y = 5+9y 0 /Zqorra\r\quz for o
~ =5+Ay 0
Ty
g (x)=3*9% x40 ,2eR ()
X
L
18
VD0 NIRRT 0 "o
P 7 5 6 9 3 A 0 1 8 4 4

J

b2

O 00000

=
)
e
8
-]
S
B )
3

R RRIIRRIK

. vauvsHiNiILEmioNoa
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Question 8 continued

0 o
)@ gffx)= 5 . 5 _ &5 0
2(4-2x)-9 - bzt-] bt
(i) [+éx*>0 ¥z, s0 9f(x)<o  Ymeans ‘forat”
A -2 =mox 2
| + 6™ [+ 6x*

Has Woppens when Bhe denovwwnakor Is oS
smod o8 lDOSS\'OLC. Cc’.e. 2= 0)

3 MOX > = S MmaA. — = --9

J

| X bx® | + bx®

-5 2 gf(x)<0 @

d)  F(x) = h(=)

-2xt=2x?-6x+k

At -bx +k-4=0 (0

no cead <olohovws s6 w2 -Yac' <O

6t-Y(sXk-U) <O O

20 -70k * ¥0 <O

20k > |]6

k>5.3 ()

A y
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Question 8 continued
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(
9. The first 3 terms of a geometric sequence are

34k=5 g7-2k 32(k-1)

where k is a constant.

S doNod

T

(a) Using algebra and making your reasoning clear, prove that & = %
3)
(b) Hence find the sum to infinity of the geometric sequence.
3)
-7k 2(k-1) 9(‘—.;...1.7_(‘) 2(k-1)
24k-s q K-S o 2(F-2K)
D { 9 J
4(#-2k)  ¢k-s -3
3 =3 x3 0
28 -Qk =YK -S +2k-2
Uk =25
k = =Y @
7
4(z)-5
lo\ a= g = 7}{3
+-2{3)
r=9 = ' Mm
qz)=s s
® o
« % _ 243 _ 399 Y
oo = r |- L 2
=1
.
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VDR OO0 0 R "o
P 7 5 6 9 3 A 0 2 2 4 4




PhysicsAndMathsTutor.com
~ ™

0000000
0202 L
000000 00 0e 0 0 %%
SR
SRR

o
XX

XX

%!

Question 9 continued

o

L
35
5

O 000000 00,

dedotetetoteloted

RIEK

Toadetetete!

< ‘\0’%\\‘
\QQQ

XX

Lo

%%
3%
X

X

Y

0:&0
e
K

%

000

ARE
X

35

9%
dels
3%
)
XX
%!

.

-
R
%

%
%%
0503

KX

OO
0005620002}
E TR
LD
NOSTSS
5
K8

<
%!
I
N
N
botode
R

OG>
RS
<3
,)’{
8
KRR

X

2 o
Poge %% o)

s
0‘0‘"?0#0‘0

¢

%S

hty®
<]
oot

X
U}
XX

o
599
8]

%2

X

Yo%

XX
o300
% %
SE
20593
2%

XXX
555
5
dotels
55
oo’

44?
X8
KL

%!

o
o0l
$RX

XX

S
R

,\
203

o0
(53

3
5
%!

\
X X

5
0‘0

0%6%%6% %%

XX
&>

R <
Lottty
RRXXXKS
s
SRS

LRLRRLRKRS

5%
0%
5%

2099980
SRS

(Total for Question 9 is 6 marks)

555

883
3

e

83
roge!
s

J

23
o NN K 0D A 0
P 756 9 3 AO 2 3 4 4 Turn over




PhysicsAndMathsTutor.com

10.

=V

X

Figure 3

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

Figure 3 shows a sketch of part of the curve with equation
5
y =8x — x2 x>0

The curve crosses the x-axis at the point 4.

(a) Verify that the x coordinate of 4 is 4
(1)

The line /| is the tangent to the curve at 4.

(b) Use calculus to show that an equation of line / is

12x +y=48
3)

The line 7, has equation y = 8x

The region R, shown shaded in Figure 3, is bounded by the curve, the line /, and
the line /,
(c) Use algebraic integration to find the exact area of R.

5/q

/ S))
0) wven =l, y=3(Y)-(4) =132-32:0 v (1)
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| Question 10 continued
b) ( ° kanogent ke crve ok A
VERVE "
dy < % - 5;14'®
ax z
%/
du = Y-S =-12 @
dx |x=y4 Z
| y-0=-l2(2-U)
y= -122+48 O
i (Qx+%:UX
M N
/ coordinaken of inkerseckoaof | and (,-
122 + (82 )=4g
x= =94
20
y=3(24)=19.20D
N/
AN areo. of branaig = Ly 19.2x Y
/ 1N\ -
/ laa\ -23.4 O
/o N\
VAN
o Q\
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Question 10 continued 4
L 5{1
orea. ynder curve = ( Bx - x )dx
@ o
Ay y 9 Fl2
[ ynel-7 o | = y(4) -2 (u) 3!92
A 7 5 7 =
0,
N=2% Y- A2 - 38Y
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Figure 4

Figure 4 shows the design of a badge.
The shape ABCOA is a semicircle with centre O and diameter 10 cm.
OB is the arc of a circle with centre 4 and radius 5cm.

The region R, shown shaded in Figure 4, is bounded by the arc OB, the arc BC and the
line OC.

Find the exact area of R.

Give your answer in the form (a 3+ bm)cm’, where a and b are rational numbers.

)
N ABD s eq{w\odcerak 2/ BA0= % @

segment AB <= sector ARO - trongle ABO
- -?—i- (S)t(%‘-) ~’Z{ (s)s) s\m;—r 0

I 1
z" 0 - 1St _25§3 \Za)osmc

& 4

AZO= Enangle ABO + 2 xsegmen- AR

= L n 2Sn _25U3
5 (5YS)sn > +’)_( (‘ft > 3)

= 25t _2SJ3
3 9
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Question 11 continued

R = semiciveele - ABO

(Total for Question 11 is 4 marks)
5858 2\ J
29

e VDTN N0 .
P 7 56 9 3 A G 2 9 4 4 Turn over




PhysicsAndMathsTutor.com

12. (a) Express 140cosf —480sin# in the form Kcos(6 + a)

where K > 0 and 0 < a < 90°

State the value of K and give the value of a, in degrees, to 2 decimal places.

3

A scientist studies the number of rabbits and the number of foxes in a wood for
one year.

The number of rabbits, R, is modelled by the equation
R=A4+ 140cos(307)° — 480sin(30¢)°

where ¢ months is the time after the start of the year and A4 is a constant.
Given that, during the year, the maximum number of rabbits in the wood is 1500
(b) (1) find a complete equation for this model.

(i1)) Hence write down the minimum number of rabbits in the wood during the year
according to the model.

2
The actual number of rabbits in the wood is at its minimum value in the middle of April.

(c) Use this information to comment on the model for the number of rabbits.

2
The number of foxes, F, in the wood during the same year is modelled by the equation
F =100+ 70sin(307 + 70)°
The number of foxes is at its minimum value after 7 months.
(d) Find, according to the models, the number of rabbits in the wood at time 7" months.
C))

a) JUQcos® -4 snB = Kcos(O + )
= KcosBcosx - KSin® sing

Keosa=1U0 = k= JiHor+u30r = SO0 O
Ksinax =40

(4o

o ®
> SO0cos(0 +33-24) ()

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

fan= 80 5= 374 (2dp)
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Question 12 continued

() R= A +500 cos (20t *73.74)
mox R =1500Q , uwhen cos(%&wz.?u)':

1500 = A +9500
A =1000

R = 1000 + 500 cos (30t + ?‘%.?qj 0

(i) Ry 1> whzn cos(30k +75.24) = -

R= 1000 - 500
=500 O

| O Inbwe mddia of Aprl, £23.5

2= (000 +SOOcos (30(8.5)+73.74) O
= 900....

whtc g close ke D00 30 e moded s suitolble. O

d) £, suwhea S1aA(30E+70) = -|

™\

> 30L+70=270 U

20
=0
3

o W _N

SUo k= T ke R
R =1000 + S00cos (30( %9) +33.74

.3
(039 ...
1032 rodaoiks (V)

S

u oo

\. J
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Question 12 continued
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Question 12 continued
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13. (a) Given that « is a positive constant, use the substitution x = asin*€ to show that

a T ‘o
x*Na—x dx =%a2'|.25m229 do &
0 0 KON
@) &
. . =
(b) Hence use algebraic integration to show that R
w3
¢ 1 ) s
szxla—xdx:kna &3
T
where £ is a constant to be found. : ;J; 3
@) 2

o)  x=-os\ntb

AdX = 2051n0cosO ()
A,

dx = 205108¢c0s8dO

waks: when =0, 6 =0
wV\.Qr’\QLO\@ /2 O

cons\der Uo-x

A 7N
Jo-2¢ =Jo-asia® = Jall+431218) =Yox 03OV

/2 -

o
n ‘/ v h N N\ PR 5555555
2 Jo-2 dx = | fasab (Jor cosO asd)dd |
w /o S
2 1 1 Cr i T p 5
= 70| an'Bcos©dB = 70| [ ~Sn2d) dd jﬁ;rri;;
J J - “ ! ,%\
o ] Y _;;E\_\
R\TA/R ;\
- | 1 & 1 }‘.;r?ri_\
y J o
(4 =
L ) i;i;::/,/ﬁ,/i\\
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Question 13 continued
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Question 13 continued
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Question 13 continued
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14. A balloon is being inflated.
In a simple model,
+ the balloon is modelled as a sphere

» the rate of increase of the radius of the balloon is inversely proportional to the
square root of the radius of the balloon

At time ¢ seconds, the radius of the balloon is rcm.

(a) Write down a differential equation to model this situation.

At the instant when ¢ =10
» the radius is 16cm
+ the radius is increasing at a rate of 0.9cms '

(b) Solve the differential equation to show that

\S][o8}

r- =54t +10

(c) Hence find the radius of the balloon when ¢ = 20

Give your answer to the nearest millimetre.

(d) Suggest a limitation of the model.

) dr - K
> ok er®

b) w‘/\ﬂﬂlr:‘O;("-'!E, Q\l? = 0.9
Y=

> k=3.5 0

)|
=

0.4

%‘rﬁ TR G dr = [3.0dE O

%1
—2%;( Z:%.lpb +c ()
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Question 14 continued
sWwo £=10, r= “D
5 a2
% (b)) " = 2.6(10) +¢
c=200
2
Yo o
L =34LE+ 22
2 =
LYZR
5 ( =SUE+I0 O
c) suomn E=20
("' = 5.4(20) 41D
= |I¥
1y
r=(1UR) = 724.057..
=92Y. lem CN’are/JL mm) O
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Question 14 continued
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Question 14 continued
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15. (i) Show that k° — 4k + 5 is positive for all real values of k.
(2)

(i1) A student was asked to prove by contradiction that
“There are no positive integers x and y such that (3x + 2y)(2x —5y) =287

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

Assume that positive integers x and y exist such that
(3x + 2y)(2x - Sy) =28

If 3x+2y=14and 2x -5y =2

3x+2y =14 74 22 .
= x = —, y =— Notintegers
2x -5y =2 19 19

Show the calculations and statements needed to complete the proof.
“4)
. "L
i) k®T-Yk+S = (k-2)-4+5S = (k-2)%+|0

e (l<-2)120 Nk,
KE-4k+S s alwmjs posﬂcwﬁ. 0)

) ¢ « aad W ore \Wregars, (3x +2@ ond (2 »Sg,) e
akso [nteoers.

passiole comboipakons of mtegers ko moke
preduct 2%

CN,Q‘/(Q.,IUQ (7,4) (4,7) (28,1) (1,238)
CIYy-2) G219 +-4) (<4,-F) (2%,-1) (-1,-23)

ok since both 2 and y ove pesive , 31 +2y s pastive.
S0 we anly ol kg covsider dae kop row.
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Question 15 continued (D

(2,14): Ax+2ly=2 3 x=2, y=-2 X (4<o0)
Do - GM’W

[7— u): ’)\’)C—!-'ZM T 3z (=% Y nok- ntegers
70 "—'n,. = Y ‘q) N C SEA

: 2y rg—Y

(GLH: Ax+20=4 2 x=22 uz-= \ pokinkeoers

725073 CRMEAE J

(1,23): Ax+ly=|
Do - Gu\ 2%

alk cosen howe been consiolered , AAd In ach

ose X are nok lOClSH’\\rQ U\l-egers-

1

O proven btﬁ conkrooicionN. @
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Question 15 continued
(Total for Question 15 is 6 marks)
TOTAL FOR PAPER IS 100 MARKS
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