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1. y =4x’ —7x> +5x - 10

(a) Find in simplest form
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(b) Hence find the exact value of x when w 0
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Question 1 continued
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. 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

af

(1)
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 V.
(2)
a = 400 o =70
Uy, = Goo + 1i(-/0)
- 290
£190
v = ¥100
9100 = % (2(w00) + (M -/)("Oﬂ
$/00 = ﬂL( 3006 —/lonm +10)
2
N

100 =~ ¢YO0SN — 5N

5N —qosn t&loo Z O

N

B

—
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+ (620 = o
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Question 2 continued
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r

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

() y="Ffx-2)
(i) y = f(2x)

(iii) y = 3f(x) + 5
C))
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Question 3 continued

(Total for Question 3 is 4 marks)
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4. Asequence u, u,, u,, ... is defined by

Z’ln+1 = kun -5

u =6
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where £ is a positive constant.
Given that u, = -1
(a) show that
6k =5k —4=0
(2)
(b) Hence
(1) find the value of £,
(i) find the value of iur
- 3)
a'! C(l = k(é) B 5-
= bk S
M3= K(\GK’S_) -5
k(ek-5) -5 = - |
ok* =Sk =5 = —|
6wl -5k -4 = O
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f
5. Given that 0 is small and in radians, use the small angle approximations to find an
approximate numerical value of
0 tan 260
1 —cos36
3)
whea 0 (5 small tamn 6 % 0 \
ws ¢ = |- 2
A
tan 26 ~ 1B
1
~ (38)
os 30 = | - '=——
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B ’ 2 e S
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Question 5 continued

(Total for Question 5 is 3 marks)
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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
@ ')

(i) g'(x)
2

Given that f'(x) =g'(x) at x=a

(b) show that « satisfies the equation

45> +2Inx—1=0
(2)

The iterative formula s

1-2Inx,
4

xn+1 =

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

(i1) the value of a

€))

,£'/1) = 9
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Question 6 continued

Ea € = L
z
O A
e’ -
- (
bt -1 = /n(?)
¢2°-1 = (n i — In2°
(_{JL"/ = ’//LR'/l
1 tlaxt -1 =0
QZZ-/'Z/A’L - | = 0
—
- ’-llf\-(O-L) =
C/ L = Jl L,L _ 0. 7/07
AN KEEFIEL GRS NS a4
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7(; = o.44 38
X = 0. 6745
'Li/ ol = 0. 46706
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Question 6 continued

(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
. —>

(a) Find 4B

Given that a point P lies on / such that
— —>
|AP|=2|BP|

(b) find the possible position vectors of P.

o e (3)-(2)
)

5: ‘(‘q;) T 3k

A

(\
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o ()7 51
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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 |/ f [0672‘ = KOKCZZ,

1 1

+ = 2tanfsecl 0 # (90n)°, nel
cosecd —1 cosecl + 1

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/ Cosecd + [ + oste 8 — |/

1 (0yer 6
(wew’t) (w%c&‘f’)

? coxte b
coxec e — |

7 coxtc 0
Cotl d

7 toXec § Eanto

| st
7 1
SinG  coyt

5',';4. o
2 00)1.5

L sinb L
(230 (os -

7 +4an & sec @
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Question 8 continued

) kan 22 Sec ly = cot 1z sec la

72 ban 2dx s€clx = ! S€c 2x
Loote fan 1x
2 tan’lx s€cilaz = sec 2x

2tont’x scc bz —5¢c 22 = ©

secdz (Qtenle - /) = o

Sl 22 = o6
X

BOEw

tan*lx = =
Z
22 - 355 or

P 7 5 6 9 4 A 06 1 9 4 8
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Question 8 continued

(Total for Question 8 is 7 marks)
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H (m)
A(0, 2)
B(20, 0.8)
0 X (m3

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 A with x, is used to model the path of the ball.

(a) Find H in terms of x.

“4)
(b) Give one limitation of the model.

(1)
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)

(A
a/ 4= (2 -b) T ¢
MaX \ae.'a\,‘l/ won L= A b=19

y= a(&:“ﬁyl' + C
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Question 9 continued

b/

¢/

BOEw

(0/ 2) and (20, 0.¢)

2= a(-9) +c¢ 0.8 = o(20-9)" ¢
7 - %la tcC 0% < [2] a +C
5
. _ -_2 - ¥3
SN’V). ECL, a - 1O C %—O_

H= 2 (2-9) + 5

Py [ 00O

myx> will mean the beall will Aot
Eravel A o~ F”‘Cea:" par olos [ o
_ - - >3 - 1 ¢r 3
when x-—/é H - I_'Df ( /6 7) T o0
= 2.9¢ an
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10.

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

3x +4y =20
(3)
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)

dz=)(¢13) 9= - 3¢"
d at

o~

Zﬁ_ "36

x  2(¢t3)
ae(gm) z,c:[uz)L
Tl ¢T3

€:’S/’/ oot =-f

)(
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Question 10 continued 1
dy = ~3(-1)
dx (- +3)
= 3 (¢ 1)
L \l y)
(4 —2) = '%Lx—‘r)
\v : N
y —a = — == 13
v G
94 = - 2 xXx T 5
< %
buy = - 3 x + 20
J
B3x + 49 = 20
Y/
v/ gz | =&
/ J
qreatet Y mlan b=-7
g=1—(-2)
(Total for Question 10 is 6 marks)
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11.

-

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

e the curve C

. . . du |}
e the line with equation x = 1 — — |V =—— dx
1 S w M dz T W J P
e the x-axis dx
Find the exact area of R, giving your answer in the form
A+ Be>
where 4 and B are rational numbers to be found.
Q)
' , -3
; 31z € Ax
I
)
W= ¥x v - e
dx
o =32
dw = JLo v = <€
5
Az
z
-t J-/zc L
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12.

(a) Express ) in partial fractions.

V2s-v
( 2
The volume, ¥ microlitres, of a plant cell ¢ hours after the plant is watered is modelled

by the differential equation

T Lys_y)
dr 10

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
cell to reach 24 microlitres.

3)

(c) Show that

I
where 4, B and k are constants to be found.

3)

The model predicts that there is an upper limit, L microlitres, on the volume of the

plant cell.

(d) Find the value of L, giving a reason for your answer.
2

v(2s- \/) v LS -V
| = Ak(25-v) T Qv
ek Vv =0 l L5 A
— l
= T
et v=125 | = 258
g = -
5
I -
25V ?—5( 25 - V)
I R
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Question 12 continued

b l =
/ J v(as-v) v

| (
59.9\/ +:zs(25'tf)

J v
P

\ '—/h \n
ZS In 20 25 =

|
- L'\\/ 1<

)
)

+ (n24 +hhs — a0

J—\'\Q

25

G/ L o lav - 2/'5_ (A LlS‘V)

2S5

BOEw

- Ljn(as-v) <

- L A (zs v

— dt
1D
Lk
lo
/
-/’0“6 1T C wlaa =0
J>10
-~ C

g l‘b—r,z,}_s\,‘za —Las

& 23
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Question 12 continued
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2S N2s-v 25 1D
_..L-( PN V—V = ( é
25 ¢(25-Vv) >
v = S ¢
| A /60 - v PR
V4 - %6
— €
| 0o-4v
< ¢
2
v = (IOb«L,H/) e
2 e S
Vv = [ooe’ — 4vie
2 ¢ =k
vt ¢y’ = /00 €
2L 2k
\/C{-(—llbez J - /poe”
2 C
— Joo e’
v — >
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- [ 0O
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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
j M +
gradient 0.0054  w\
intercept 0.81 on the log P axis
-

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

“4)
In the context of the model,
(b) (i) interpret the value of the constant a,

(i1) interpret the value of the constant .

(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)

(foﬁlof = mt T C
L”j,bf T 000546 t+ 0.3

o0.005¢C+ 0.8/

F - |0
- S¢€ &)
P = 107°°7". p°f
_ /00~31 (/Oo-oof%)e
.81
a= 10°° = 6. ys7
b= 10°°%% = 1. 0r3

P=6.o57 . 013°
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DONOTWRITEINTHISAREA
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14. The circle C| has equation
X+ —6x+14y+33=0
(a) Find

(1) 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 k, 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.
(3)
@) (1/3)2"1 T(3T7)1"’7’7f'3330

(2 -3 4 (“j+7)1= 15

) teatve (3,-17)
) Vadiaj 5

b/ (z —r-é)1 "L(j/(&)l

i)
x

b/’ 7)

distance =

[q2+1°
= (&2
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15. The curve C has equation

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

d
(a) Find an expression for d—y in terms of x and y.
X

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.

a 3(2-y)" (H;ﬁ‘): 62 - 344

Z(l%j) -t 3(17‘3)%? b — X 49

1(z+j)20—,‘;/f+ 2 d2 < 6x - 3z

C))

2

C))

i — 2
%(Z(r_%j) fi) = bx ~3(,tf7)
dy < bx- Yz ty)
dx B(zv-j)l .
b at Q,D) dy = ¢ - 3(1)
dx 2(1)* #3
= 3
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Question 15 continued

C Mmoets P where

3
(21’("27&—#1)) = 3xz—3(—lx—r?—)-——2.

(_x+2)3 — 3x*tbx —6 -2
3
(2 - =) = 3af tbx - %
(L{—-Ll—l-fll)(z-'l) = J3x*—+ 6x — %

B-4x-8x +4xt +222-2° = ettt {4z —3

- |2x + =% — 2" T 2xta4 L= -8
L — 182 + 3x - 22 = o
x> =32 + (8= -6 =0

(7_//) IS a —facLo/
x* —lx * IC

o A [;cl"g;z,—"f/gx - 16
-3 1
y s - X
— 2x* + 98>
- 2. 4 2%

/éx~ — (¢
/4 > —-/6
[2 —1)(xt'-2x +/6) = o0
x = | —
no_ sols  as  (=2) -4 (1)
:_60
z = 15 The oV\\j So | S P s the

0413 }q]—e’kc,(% an
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Question 15 continued
(Total for Question 15 is 12 marks)
TOTAL FOR PAPER IS 100 MARKS
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