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1. y =4x’ —7x> +5x - 10
(a) Find in simplest form

0 Y
iy 4

2
(b) Hence find the exact value of x when d_xJ; =0

(&)

2

6) y-=-4x I+ 5x -10
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Question 1 continued
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(Total for Question 1 is 5 marks)
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2. Jamie takes out an interest-free loan of £8100
Jamie makes a payment every month to pay back the loan.

Jamie repays £400 in month 1, £390 in month 2, £380 in month 3, and so on, so that the
amounts repaid each month form an arithmetic sequence.

(a) Show that Jamie repays £290 in month 12

ey
After Jamie’s Nth payment, the loan is completely paid back.
(b) Show that N° — 81N+ 1620 =0

(2)
(c) Hence find the value of N.

(2)

Gommon diffefence, d = 390 -400

= =10

first term a = BooO

el ;

= 400+ (-uo0)

= Mo M~ Jamie ‘epays §2qp in wonth 12

b) ¢ _n

8100 - % (2 (uo00) + (n-1)x-10) 7

8100 = N (800 -10n tio )
2

8106 = 4000 -5n" +&n
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Question 2 continued

8100 = bos5n -5n"

. En*-ypsSn +8loo =0
&.5(
Nt

n- gln T 1620 20,_i\(3hgv\m)

¢) W -8In+1620 =0

(n-45)(n-36):0

n:=45 or n=:=236 W

n:3C (since Jamie has dedved his loan by 3 th Pqﬂmﬁd\f)

®

(also after nz 3¢ . The repayment Sstacts
betsming negative which is impossible )

(Total for Question 2 is 5 marks)
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3. The point P(3, —2) lies on the curve with equation y = f(x), x € R

Find the coordinates of the point to which P is mapped when the curve with
equation y = f(x) is transformed to the curve with equation

(1) y=1(x-2)
(i) y = f(2x)
(iii) y = 3f(x) + 5
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Question 3 continued

i

(Oi) Y= 3f(-u)+5

y

[
\ the X -coordinate becomes negated:
the y-coordihate s multiplied by 3 and has 5 added +v it
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4. Asequence u, u,, u,, ... is defined by
un+1 = kun -5
u =
where £ is a positive constant.
Given that u, = -1
(a) show that
6k> =5k —4=0
(2)
(b) Hence
(1) find the value of £,
3
(i1) find the value of Zur
r=1
3)
a) U=z ku -5
e U6
Uy = 6k-§
Uz - kuz, -G
Uz=--1 Uz - -
3 ~ Ve t:6k-5
-1 = k(6k-5) -5
NS
1
-1: bk -5k -§
sz~‘5k ~ 4 °OF\ (‘-’den) 3':"\\
w ) \
pot . /
2 (<
by (0 6k -5k -4 =0
(sk-4)(264): 0
-4 . =-4
b-gor k=73
ki (sine k i$ a positive Gonstant)
L
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Question 4 continued
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5. Given that € is small and in radians, use the small angle approximations to find an
approximate numerical value of
ftan 26
1 —cos36
3)
V on [ )
_ 29\ @ Gmall angle (pproximathon
B tan 26 Y\+sY)
1 . .
| - cos 36 (-8 O Sin6 - &
2 o -
Gs 6 = | - 7 55
- T 555
fan 6 = 52
26 © -
p s
q6 ,‘
2
= a l ’:O'::
26" x L =
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yA
=f(x
y= 1) y=g0)
0 / %
Figure 1

Figure 1 shows a sketch of the curves with equations y = f(x) and y = g(x) where
foy=e*"" x>0
g(x)=8Inx x>0
(a) Find
@ f'(x)

(i) g'(x)
2)

Given that f'(x) = g'(x) at x=a«a
(b) show that « satisfies the equation
4x* +2Inx-1=0
(2)

The iterative formula

1-2Inx,
4

xn+1 =

is used with x, = 0.6 to find an approximate value for
(c) Calculate, giving each answer to 4 decimal places,
(1) the value of x,

(i1) the value of a

3
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Question 6 continued

2

a) (1) flx) - e”

o

f) -sx-e ()

S In X
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a) q(x)

9(x)

b) Given g'(x) <ftx) ar x-a

Sxe - 8
x
~3n
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Question 6 continued
O Npyy [ 1-LInk, , A, 0.6
4
W %y = [ r-2ko6 (1)
J ¢
- ot04q (V)
M X - 0.6
A2 = 0-7104
Ky * [1-2ln0H09 o cygs
4
7’.4 E I l*Zan'C‘l_@S < OG%?’O
4
As - | L- 2 In 06830 = 0-6638
{ 4
A = [ -2lnoce’w = 0.GI4s
4
A3 [ _2|no6ps = 0-6685
—"
g = [ 2|n0bss - 0-6T18
4
P [ \-2|n06Hs = 067100
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| Question 6 continued

Mo = [ \-2|n 06t

o
o)
~
o

4

Ao = | {_2(n0€HD

0-GIoy
|

Wie = | | _2n06HY = 0.6708
4

A i ¢ = 06706
4

g = [ 24 0kws - 0-630F

™\

=
7
(=1
~f

{0-61'0L\ <
N

7~ N\ \
Wag : [ 1ozmocae -(0-6108/) < !

SN —
A 4 By doing WWeration , the numbex

will (onwedge Yv a valyo .

S Q= 0-6%og (0} ALSO TAKE NOTE THAT You

ITERATIONg By HAND |

(Total for Question 6 is 7 marks)
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Figure 2

Figure 2 shows a sketch of the straight line /.
Line / passes through the points 4 and B.
Relative to a fixed origin O

» the point 4 has position vector 2i — 3j + 5k
» the point B has position vector 5i + 6j + 8k

(2) Find AB

| vawsmiNawmionod

ey
Given that a point P lies on / such that
4P| =2|BP|
(b) find the possible position vectors of P.
)
3 —
a) OA - [2 o6 - [¢
-3 6
AB - AD v 0B
EANEA
sl r)e |
LsJ) Ls |
(3]
q 7\
3] &
L
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VDR A "o
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| Question 7 continued

b] N [ 2 -x-z-l . r-)l.‘SW

0F - |y | = AF |y Bf - | y-6
| 2 [ 2-5 | L 28 |

(x-2 ) (s || (x2)' s a(x-s)
ye3 1| > 2| y-¢ P (y+3)' = ¢ (y-0)
-5 | ([ 2-8 (z-5)"- u(‘t-&)"ﬂ

0 ©

AP | = 2|

Jy

DONOTWRITEINTHISAREA

XK -4x by 2 4% - 4o + 100 2. 2 -lb2425 = U2 -6Yz +st

Ix"-26% +96 <0 32%-g42 4 231 =0

X - ut32 =0 2°-Btt71:0

(x-8)(x-4) -0 (z-7)(z-n):0

x=q,3® 21,0 (Y

y - ylfég tq = qq‘-qsg +144 o ~ _
op-|u| |3%
3y -54y + 135 =0 3,0

L) L] (F)

y* - 18y + 45 20

(y-3)Cy-15) =0

y:3,15

S8
S5
hese 2653
B8
KIS
SE
9% 50X
S
e %
s

&L

0%

2

%)

55
s
P %% % %%
ot o 08
P30S 0 1%
\.\'\
oo
o

X \.\\
5888

< ././t.\
0% %%
0% %%

% >;‘\\
i
=

% <‘\\
‘.!.‘ <
TR
Sl
25
oot
1 oo
;\
e
O
i =
// g

2

0

(Total for Question 7 is 5 marks)
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In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

(a) Prove that

1 1
+
cosecl —1 cosect +1

= 2tanOsech 0 # (90n)°, nelZ

vV SIHLNIZLMM IO

3)
(b) Hence solve, for 0 < x < 90°, the equation
! + ! = cot2xsec2x
cosec2x —1 cosec2x + 1
Give each answer, in degrees, to one decimal place.
“4)
a) \ N { . 60sec & +1 + Cosec & -
wsee 6 - Cosec® +( (cosec & -1) Cwsec & +1) QJ
2 Cosec 6
cosec’® -\
2cosec @ s
wite

R %
2 " Sin O
8in 6 ws* Q

2s5in B
ws* &

. 2s8in@ x |
Cos © s &

= 2%an® sec B (inown)
0 )

18
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Question 8 continued

b) from@a) 2 tanl% sec2t: o4 2% sec 2x (1)

2 tan2 sec2x- Cot 2% Sec 2% = 0O

Sec 1% ((2tan X% -0t 2% ) s ¢

24an 2% -Gt 2% =0

2tan 2% = Q@Y 2%

zfan 2N = |
tan 2K

24on 2% =

©

tan 2% -

1
A

|
NERN ()

N

fan 2% =

| : =1\
X > tan I

2
<

)
4

b J

A% = 35.26 180 - 35.2¢°

M 35.26" , gty (for 0 Wi )

: P D) mly | TTOTet N I DI E IR T [ MBS SES 5 y i e o 0020002020502
RO OO oot e oo R oA oSO ooy a eS0T e T A O OO R oo oo OO OO0 oo OO0 0O 00O d oo A OO OO e OO oS0 Lo oOa o0 SO oSO R oRsa et oSoteoSoSa et osatetoo

X r6 P4, (for 0 ¢ ¢qo)
LJ Ll) ’

0%
boeed
K5
3
QR

55

. J

19
I
o NN K 0 D O
P 756 9 4 A0 1 9 4 8 Turn over >




PhysicsAndMathsTutor.com

7

Question 8 continued
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(Total for Question 8 is 7 marks)
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A X
H (m) !
4(0,2)
B(20, 0.8)
© x (m)
Figure 3

The graph in Figure 3 shows the path of a small ball.
The ball travels in a vertical plane above horizontal ground.

The ball is thrown from the point represented by 4 and caught at the point represented
by B.

The height, H metres, of the ball above the ground has been plotted against the
horizontal distance, x metres, measured from the point where the ball was thrown.

With respect to a fixed origin O, the point A has coordinates (0, 2) and the point B has
coordinates (20, 0.8), as shown in Figure 3.

The ball reaches its maximum height when x =9
A quadratic function, linking H with x, is used to model the path of the ball.

(a) Find H in terms of x.

Q)

(b) Give one limitation of the model.

4y

Chandra is standing directly under the path of the ball at a point 16 m horizontally
from O.

Chandra can catch the ball if the ball is less than 2.5m above the ground.

(c) Use the model to determine if Chandra can catch the ball.
(2)
Q) Modd of the bal is a quadratic funchon.

Hence , use ax +bxtc = H

For point A (0,2) : a(o)"’r ble)+C =2

.'.c:Z@
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| Question 9 continued

H=ax +bxt2

Finding value °f a and b ;

when ball reach Maxmum heght, ﬁ =0 6@nd %= 4
dx

d4 . an b
dn

0:2(q)atb

0:184+b = b :-18a

Y

At point B (zo‘o.s) : 0.8 = a(zo)i+(-tsa)(zo) ¥ 2

0.8 4c0a -236pa t2 (1)

V-2 = 4o a

@: -0.03

b: -lS(—o.O%) = 0.54

S H:-003% t0S54¢xt2 (1

b) Wind may offect the path of the ball . (1)

C) when X:16, W = -0.03 (16) to5u(16) +2

= 2496 m £ .50 m

o Chandra would not be able to catth dne bﬁ\‘"

V)

J
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Question 9 continued
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Question 9 continued
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10.

p (4,2)

Figure 4
Figure 4 shows a sketch of the curve C with parametric equations
x:(t+3)2 yzl—t3 -2<t<1

The point P with coordinates (4, 2) lies on C.

(a) Using parametric differentiation, show that the tangent to C at P has equation

=V

=
e
poosrani o
aste¥
SRS
Pete-avity
Pode "/
PR telote?
PoYe
LKL
Batetoness
X \/\
i w
g
: .:u\
SRR
‘:~~:E/_'-\
S
::x‘:n,(-\
:'\\\:%/ //\
\\ /” \
KX

3x+4y =20 &
The curve C is used to model the profile of a slide at a water park.
Units are in metres, with y being the height of the slide above water level.
(b) Find, according to the model, the greatest height of the slide above water level.
(1)
a) when x= Y4 and y =2
g:1-t> =) 2:1-¢°
t7e -1
t--1 @
L J
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S A
T / Question 10 continued
e
< tangent of curve ¢ at P
= dy  dy . dt
o dx 4t dx
E\
B M dr gy
= de ‘dt
=
= dy a2kt @
8 dx Lle) ™
o
B Substitube b: -t inte 34
5 dx
; (N
b)) x
d. 2(~143)
s 3x——
b §
dy . .3
% a0
Equation of tangent ¢ at P :
- - 3 -4
y-2: -2 (x-0) @©
4y -8 = “3x +11
3Ix+4yy = 20 (shown)
\ W
B) y=1-4" , -2€t¢
Slide s the Nighest when t:-7,
y:1-(2)" = 1-(-8)
*qm @ (Total for Question 10 is 6 marks)
s L J
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11.
VA
C 8 2 3
3%
R yote
0 1 x
Figure 5
In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.
Figure 5 shows a sketch of part of the curve C with equation
y = 8x%e " x>0
The finite region R, shown shaded in Figure 5, is bounded by
* the curve C
 the line with equation x = 1
* the x-axis
Find the exact area of R, giving your answer in the form
A+ Be”
where 4 and B are rational numbers to be found.
R L
.i = g 8 e
2
, cax -ax
u:-8%  du:lex dy:¢?® ve-Le
dx dx
28
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Question 11 continued

3%
6% :

3 da

du - -l6
3,

[V

d:edl_ =_e
v \Y) 3

.

LR X PSS B PTY DA
3 9 J A J
) -31(.1 -3 _’IG% e..gx +i -3
3 e ] 9 1t
[-8a” e kxS e o im
i K} q 23 Jo A
s "Bl gt '3_(-£\
3 q 21 L )
= le 16 o3
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Question 11 continued
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Question 11 continued
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(Total for Question 11 is 5 marks)
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12 E S ial fracti S
. (a) Express V(25 - V) in partial fractions. )
) o
The volume, ¥ microlitres, of a plant cell ¢ hours after the plant is watered is modelled : 2
by the differential equation ' 3
—=—V(25-V e
dr 10 ( ) e

The plant cell has an initial volume of 20 microlitres. % _
(b) Find, according to the model, the time taken, in minutes, for the volume of the plant E 2
cell to reach 24 microlitres. B
Q) St
(c) Show that S
where 4, B and k are constants to be found.
®
The model predicts that there is an upper limit, L microlitres, on the volume of the /
plant cell. S
(d) Find the value of L, giving a reason for your answer. ;-
2) o
W 1. a8 =
vV (15-) v =
\ = (25-V)A + B(v)
when V:O’ i = 25 A o Af.ﬁ U ;;j‘:/‘f\
3 e 4

- o 1 % o
When ViEE, L -258 . % Beog g

m\
:O ‘ - | *’ ' ﬁ 3/\
“asv s(s-v) U S
V(25-v) ~,,_z(\
SE
=
\f&?{-\
B

i
\/\
y \\/\
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Ve

- | Question 12 continued

b) dv . v-(25-V)

dt: 1))

To find V, We inteqrate the equation of ‘%
ov

| dv ={'_ dt

v(25-V) J 1

'_+ ' d\l=|_t1-c.m

15V 25(25-v) io ~

cd_aV - o in(5) —t+0@

U

25

Finding value ¢f C °

Inikially , t:0 and v: 20

Finding time t whea V = 14

L gay -4 (@) s ¢t v+ 1nuy
25 25 1o 25 0)

'—\nlu-—'—‘ﬂ‘l‘f'—‘—

29 25 10

y -
2y 10 t hr = 6o Minutes

v

t: lnG x 6o = 43 minutes

>
2\

©

J

o NN 0 D
P 7 5 6 9 4 A 0o 3 3 4 8
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Question 12 continued

@@ an‘|_ln(15-V):|_—t + -1nu
25 10

as
25

§' In NV - h(25-v):- 25t + In A

mMVv-n(25-v)-In 4 - 2.5 ¢

‘ﬂ V = 25{',

Vs 4 (25-v)
(

'y

sides\ v el'st @

34 (25-v)

0t v) @

t

a.st a.s

2.5¢ 2.5t

V+4ve = 100e

vitye ") = 100e

1-64

vV - looe

L+ 4ot

N = oo

e-z St Yy

d) Mmtoaow, e =0 ()

S 25 micoolitres 1 the upper limit .

5

&
prole
Potesesesss
&

Boset e g
o esr 1
K

o
RS
S
proge v )00
g

<

25

5
I‘..
1<

7
-

B
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Question 12 continued
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13. The world human population, P billions, is modelled by the equation

P=ab'

where a and b are constants and ¢ is the number of years after 2004

Using the estimated population figures for the years from 2004 to 2007, a graph is
plotted of log, P against 7.

The points lie approximately on a straight line with
« gradient 0.0054
* intercept 0.81 on the log, P axis

(a) Estimate, to 3 decimal places, the value of a and the value of b.

C)
In the context of the model,
(b) (i) interpret the value of the constant a,
(i1) interpret the value of the constant b.
(2)
(c) Use the model to estimate the world human population in 2030
(2)
(d) Comment on the reliability of the answer to part (c).
1)
a) P ab“ N\ equation in temms of l69‘0
l0g,, P:logoat 109, bt
Y X m c
!oqw?: tlogwb t bgloq E—— Yy :=mMx +C
. gradient > 109, b = 0.0054 (@)
b 10" L Lo 0)
e Y-intercept < logyp d = 0.8 (7)
a: w0t -6 us# (i)
.
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Question 13 continued
b P-ab'
whea t:0, P:a
G = world human populations in bilions in 2004.(1)
@) b = 1013 rpreSeats the Scale fudor of Yearly increase n the
human populaticn. (1)
©) n 2030, &:26
Pe GusTxias @
Q9 bihions (1)
d) Not fehiable 5ince the data used for the model only covered 2004 to
200% . Model mignk fot be suitable fo be used unpl 2030 .(7)
q y
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Question 13 continued
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Question 13 continued
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14. The circle C| has equation

X+ —6x+14y+33=0

(a) Find
(i) the coordinates of the centre of C|
(ii) the radius of C|
3)
A different circle C,
» has centre with coordinates (-6, —8)
* has radius &, where £ is a constant
Given that C| and C, intersect at 2 distinct points,
(b) find the range of values of &, writing your answer in set notation.
)
0) 1L'ty’-6xt g+ 320
use cmpleting the square methpd for both X and ¢ :
W (x-3)+ (gﬂ)z— q-49 +33:0
U,
(-8 (y+3)" -25 -0
) RN
contre of Ci - (3,-3) ()
@) (xﬂ3)1+ (yt 1).° = 25
2 ' 2
(x-3) +Cy+3) =5
/'
radiu.s of C. = 6 @
L
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Question 14 continued

N
1) T30 /1“7( 3 \

[ [\ e
fs20 |

(b)  distance beiveen wnters

"

"

\
(-¢,8 8 /
N X S

~— S~

To make sure C and Co intessedt of 2 poinds

0
k> d82-5 or ke J82 +50)

T R X LT TN
()

S«- X
SRR

it

A

-

X,
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Question 14 continued
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Question 14 continued
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(Total for Question 14 is 8 marks)
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15. The curve C has equation

(x+y) =3x" -3y -2

d
(a) Find an expression for d_); in terms of x and y.

The point P(1, 0) lies on C.
(b) Show that the normal to C at P has equation

y=-2x+2

(c) Prove that the normal to C at P does not meet C again.

You should use algebra for your proof and make your reasoning clear.

C))

2

(©))

MIONOC: =

. Y3YYSIHLNIALL

q) (1144)3: 311~39 -2

(xt+ gl-il'l(.y)()(.hj) = sz-zy-z

(xs+93+ xfj vyt Il; +13i") s 3t - 3y -2

'X.S-I-\f-\—_’,lag _‘_353% = 31‘_3’_2

2 2.4 {?‘ LYY | @ i i
e 3y (SL) v s (GE) rexy +exy(BL) v 3y"- 6x-35L ©

(3g'+3x +exy +3) "2 - 6x -32-6xy-34* ()

4y . cx—sx‘-cxg-sg‘m

M gt aatrexy t3

b) at peint P (1,0) .

1 ~d \l r o Py
dy 6 =30 -6(00) ~30)°

—

dx 3(0) +3()* +6()(o) +3

= i = l_ Lg_fdd"ﬂ" OF (')
G 2

o
% gradient of nermal = -2
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Question 15 continued
Equation of normal o C:
y-0=-2(x-1)
y - - +2 (1)
(€) Subshiute Y= -2x42 iniy (x+g)3= 31‘-3_\,-2 0)
(x-22¢ :!)3 : 3 - 3(-2242) -2
(-xf2)3= 3 4en-6-2
PR 2 48 - 3% 16X -8
X -2X + 16
1s~37(z+l31-l6 -‘—O@ x—n)x’.sx‘uez-ls
-x%-x?
since P(1L,0), (x-1) s known - 2ax*rusx
- ~2x% 22
(x-1) (x*~22+16) =0 Q) 16x - 16
“16x - u.‘
Por X-22 +16 , b*-uac = (-2)-4(1)(16)
4 -6y
: -68 <O @
since b'~lac <0, there art no real rooks for X -2% 4p,
Hence , the normal does not meet at C aqain. ®
J
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Question 15 continued
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Question 15 continued
(Total for Question 15 is 12 marks)
TOTAL FOR PAPER IS 100 MARKS
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