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  

1. In an arithmetic series

• the first term is 16
• the 21st term is 24

(a) Find the common difference of the series.
(2)

(b) Hence find the sum of the first 500 terms of the series.
(2)

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a arithmetic series -> common difference between all terms

an = a
,

+ (n - 1)d an = a
,

+ (n - 1)d
↑ ↑ 24 = 16 + (21 - 1)d

number commonwit of the difference 8 = 20d
term term

d = 0
.
4

3) Sn = EnG2a + (n -1)d) Sn = 2n(2a ,
+ (n - 1)d)

not = 2 x 50052x16 + (500 - 1) + 0
. 4)

= 230(32 + 1499) + 0 .4)

= 57900
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

Question 1 continued
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(Total for Question 1 is 4 marks)
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  

2. The functions f and g are defined by

f (x) = 7 – 2x2        x Î 

g (x) = 
3

5 1

x
x −

x Î        x ≠ 1
5

(a) State the range of f
(1)

(b) Find gf (1.8)
(2)

(c) Find g–1(x)
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) f(x) = 7 - 2x? 2x70 for all values of ,
so the

greatest value of f(x) is 7

y7

b) f(1 . 8) = 7 - 2(1 . 87 -start with F(1 .8) because we

= 7 - 6
.
48 work from the inside to the

outside.
= 0

.
52

-

g(0 .
S2) = 3(0 .

(2)
S(0.52) - 1

1 . 56
-

2 .
6 - 1

= 0
.
975

gf (1. 8) = 0
.
975

1) To find g"() ,
swap the s values fory and vice versa

,
then solve for y

y
= 3

swapta f
Sx - 1

x = 34

sy
- 1
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

Question 2 continued
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(Total for Question 2 is 5 marks)

Sxy -x = 3y

Sxy - 3y = x

y(5x - 3) = c

y =

S, 3

g(x) = x

Sx -3
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3. Using the laws of logarithms, solve the equation

log3 (12y + 5) – log3 (1 – 3y) = 2
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

logs (12y + 5) -

logy (1 - Jy) = 2

logak-logay : loga
, logs (RyTS) = 2 log:-

because

giving both sides the same base
-> logs (1yTS) : log,a

X 32 = 9

means we can equate 12y + S
and 9

1- 3y

13y+ = 9

rearrange
and solve fory 12y + 5 = 9 - 27y

- 39y = 4

y
= 5
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

Question 3 continued
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(Total for Question 3 is 3 marks)
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4. Given that θ is small and measured in radians, use the small angle approximations to show that

4 sin θ
2

+ 3 cos2 θ » a + b θ + c θ 2

where a, b and c are integers to be found.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

sinQO

cosO = 1- @

4sinE + 3 coo Sin20 + cos20 = /

cos20 = 1-sin2Q

using small
~ 4sin + 3)1-sin 0) =

using small
angle approximation,I ↑ sin'O
sin(8) = E = +(E) + 3(1 - 04 = (sin0)(sino)

roximation,
2 ↓sinO O

= (0((0) sing = 02
= 20 + 3/1 - 04 = 02

2
= 20 + 3 - 30

= 3 + 20 - 302
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

Question 4 continued
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_____________________________________________________________________________________
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(Total for Question 4 is 3 marks)
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5. The curve C has equation

y = 5x4 – 24x3 + 42x2 – 32x + 11    x ∈ 

(a) Find

(i) d
d
y
x

  (ii) d
d

2

2

y
x (3)

(b) (i) Verify that C has a stationary point at x = 1

(ii) Show that this stationary point is a point of inflection, giving reasons for
your answer.

(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) y = Sx" - 24x3 + 42x2- 32x + 11 find y by bringing
I down the power,

& = 4(5x3) -3(24x7) + 2(42x) - 32
and subtracting
from the power.

= 20x3 - 72x2 + 84x - 32

= 3(20x2) - 2(72x) + 84
to find day s , just differentiate

& again, bringing the power

down and subtracting I from
= 60x2 - 144 + 84 the power

b)i)Because the key word is verify , just sub inc = 1 into dy and conclude

& = 20x3-72x" + 84x-327a stationary point
occurs

when the gradient = 0,

& x =1dx = 20(1) - 72(1) + 84(1) - 32
so d

= 0
.

= 20 - 72 + 84 - 32

= O

At C =1 = 0
,

so there is a stationary point at cc = 1 .
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Question 5 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 7 marks)

ii) To verify a point of inflection , find the gradient of two points
either side of x = 1.

. If their gradients are either both positive or

both negative,
it is a point of inflection.

gradient is both

an es
inflection.

both positive
so Point of
inflection

& x = 0 . 9 · = 20(0 .9)3 - 72(0 .
932 + 84(0 .9) - 32

= - 0 . 14

ex = 1
.

/ & = 20 (1 .1)3 - 72(1 .
1)2 + 84(1 . 1) - 32

=
- 0 .

1

- 0
.

1440

- 0 .
10

Acc = 0
.
9 and J= 1.1

,
the gradients are both negative ,

so c= 1 is a point of
inflection.
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6.

A Or

2r 2r

θ

r

B

C D

E

F

Figure 1

The shape OABCDEFO shown in Figure 1 is a design for a logo.

In the design
• OAB is a sector of a circle centre O and radius r
• sector OFE is congruent to sector OAB
• ODC is a sector of a circle centre O and radius 2r
• AOF is a straight line

Given that the size of angle COD is θ radians,

(a) write down, in terms of θ, the size of angle AOB
(1)

(b) Show that the area of the logo is

1

2
r2 (3θ + π)

(2)

(c) Find the perimeter of the logo, giving your answer in simplest form in terms of
r, θ and π.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

&
AB) (fE

a) Angle Af = M radians (180= + radians)
-

1

AOF = AJB + f8E + 0 = I

the two smaller
sectors are congruent .

-> CAGB + 0 = 4
so the angles
AB and FOE are

the same. 2AB = M - O

AB = R - O

2
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

use angle =" we

b) area of sector found in part a

: zor'
L ↓

area of logo = area OAB + area OD) + area OFE

: (0)r" + cor) + :)

area Off = OAB- = ("-2 + 0(r)

simplify to get
: /Egr + cor2

into the

required form I = r2 (10 + 20)
= r

>

(xto)
: zr2(n + 30)

C
are length = or

perimete = OA + AB + BC + CD + DE + Ef + +0

OA = Of

AB = Ef
& : 2(0A) + 2 (AB) + 2(B)) + CD

BC = DE ↓ ↓

↓ reaclengt
a Bir

use are length
= Or

OA = r r = 2r

= z(r) + 2(r(9) + 2(r) + 20

= 4r + r(x - a) + 20

= r(4 + n - 0 + 20) = r(4 + n + 0)
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 5 marks)
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7. In this question you should show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

x

C

O

l

R
P(5, –13)

y

Figure 2

Figure 2 shows a sketch of part of the curve C with equation

y = x3 – 10x2 + 27x – 23

The point P(5, –13) lies on C

The line l is the tangent to C at P

(a) Use differentiation to find the equation of l, giving your answer in the form y = mx + c
where m and c are integers to be found.

(4)

(b) Hence verify that l meets C again on the y-axis.
(1)

The finite region R, shown shaded in Figure 2, is bounded by the curve C and the line l.

(c) Use algebraic integration to find the exact area of R.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Differentiate Cy = x3 -10x + 2+x - 23 differentiate by↓ bringingthe powerx = 3(x2) - 2(10x) + 27 down and subtracting
I from the power

· 3x2
- 20x + 27
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

find gradient at 15 ,
-13) :

sub in x = S to

↓ ↓ find the gradient
& x = 5 da = 3(s)? - 20(s) + 27 of Cat 7-5 ,

13)

: 2

gradient of C at (5 , -13) = 2

·
gradient of 1 = 2 /because (is a targent to C)

find equation of L using y: matc and subbing in (S ,
-13) and gradient = 2

y = mx + c

y = 2x + c

- 13 = 2 (s) + c

c = - 23

1 :

y = 2x - 23

b) Both cand I pass through10 , -23) ,
so (meets (

again on they axi
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

C Using area of a trapezium to
findS:

O s S = ((a + b) hI

R it half the sum of the parallel
sides

,
times the distance between them

S

-- T because T is below the s Axis and so
I

- will be negative &
so we need to subtract the

R = S - -T
magnitude of T from S.

= (z x (B + 23) + s) - -f() - 10x2 + 27x - 23 integrate by adding
I to the power, and

O

· 90 + (4x" - &x3 + Ex2 -23x]!
↓ dividing bythe new

power

: 90 + (h(s)" - -(s)) + E(s) - 23(s)) - (0)
:
90 + (-4)

= 625

T2
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 7 is 9 marks)
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8. The curve C has equation

px3 + qxy + 3y2 = 26

where p and q are constants.

(a) Show that

d

d

y
x

apx bqy
qx cy

! "
"

2

  where a, b and c are integers to be found.
(4)

Given that 
• the point P (–1, – 4) lies on C
• the normal to C at P has equation 19x + 26y + 123 = 0

(b) find the value of p and the value of q.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

use the product rule :

ie
, differentiate then

multiply by go ,
then

↓ differentiate y (=) and
multiply by go

3
To do implicit differentiation : pc +

qxy + 3y2 = 26

↳ differentiate every term 3px + gy + qx() + Gy() = 0

with respect to s

↳ Multiply every term where qx() + Gy(dx) = - 3px) -

gy
y is differentiated by
dy a(qx + (y) =

- 3px) -

gyS

↳ solve to find dy
da

dy
=-

3px - gy
dx

qx + by

b) Subin (1,-4) into the equation C to find an equation in terms

of pand a.
px + qxy + 3y2 = 26

ep(-1, -4) p(( + q) - 1)) 4) + 3(4)" : 26

- p + 49 + 48 = 26

49 - p + 22 = 0
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

find the gradient of the normal to C at P
19x + 26y + 123 = 0

26y = - 19x - 123

y
=-y - 123

gradient of the normal to C at P = -29
[

because the gradients. gradient of tangent to C at P- of perpendicular lines
multiply to give-1.

=
Use part al to find a second equation in p and q

Ay = -3pc-yo
qx + by

o gradient-a - 3p() -q()
p = (- 1

,

- 4) q(- 1) +6)- 4)

= - 3p + 49
-q

- 24

26( q - 24) = 19) 3p + 49)

- 269 - 624 = - 57p + 769

57p - 1029 = 624

solve the two equations simultaneously to find p and a

0 : 49 - p =
- 22

② : Stp-102q : 624

S7 x02289 - 57p = - 1254
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

57x0 + ② 228q - S7p + Stp - 102q = - 1254 + 624

1269 = - 630

q = - 5

① 4)- 5) - p = - 227-subq = - 5 into equation
- 20 - p = - 22 ① to find p

p = 2

p
= 2 q = 5
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 9 marks)
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9. Show that

∑
∞

   
3

4
180

9

28

⎛
⎝⎜

⎞
⎠⎟ ( ) =

n
ncos


(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

n = 2

So :
A

1 - 5

a = 1st term

r = common ratio

Sub in n = 2 to find a
,
the first term
2

en = 2
a : (2) cos(100 =2)

= ↑x 105360 105360 = 1

a = +

Because cos(180n) follows the pattern 1
,

-1
,

1
,

1
,

1
.

-1 cos(180n).....

(

changes by a ratio of I
every time .

r = - 1 =() has a common ratio of 3 ,

So the overall common ratio is Ex-1
-- 3

Sob into So=
I

So = 16

1 - (- %)
=

Ep

:
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Question 9 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 9 is 3 marks)
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10. The time, T seconds, that a pendulum takes to complete one swing is modelled by the formula

T = al b

where l metres is the length of the pendulum and a and b are constants.

(a) Show that this relationship can be written in the form

log10 T = b log10 l + log10 a
(2)

       (– 0.7, 0)

(0.21, 0.45)

O

log10 T

log10 l

Figure 3

A student carried out an experiment to find the values of the constants a and b.

The student recorded the value of T for different values of l.

Figure 3 shows the linear relationship between log10 l and log10 T for the student’s data.
The straight line passes through the points (– 0.7, 0) and (0.21, 0.45)

Using this information,

(b) find a complete equation for the model in the form

T = al b

  giving the value of a and the value of b, each to 3 significant figures.
(3)

(c) With reference to the model, interpret the value of the constant a.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) T = a)"
b ↓

take log, of both
side

log , o
T = logio al

b G logay = loga
+ logay,

log,T = log ,0
a + logo

so logal : log,a + logis
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

log ,
T = logoa + blog

↓ loga" : blogan
: log" = blog,

logioT = blog ,oh + log· a

b) logT = blog, + loga is in the equation y-matc .
So

find the equation of the line on the graph ,
and m = b

,
and c= logia

gradient-o :
- 0

.
7-0

. 21

y = x + c

2 (0 . 7
, 0) 0 = -0

.7 + C E sub in the co-ordinates of any point
on the line to find the value of c.

c = 5

y = x + q
m =b, .

.

. b = 4 = 0 . 495(3st)

C = logia. logia = 2
26

a = 10

a = 2
. 22(3st)

T = alb -> T = 2 .
22(

0. 495

1) a is the time taken for one swing of a pendulum of length Im

I because when ( = 1, = 1 : T= a +1 = T = a)
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 10 is 6 marks)
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11.

y

xO

Figure 4

Figure 4 shows a sketch of the graph with equation

y = | 2x – 3k |

where k is a positive constant.

(a) Sketch the graph with equation y = f (x) where

f (x) = k – | 2x – 3k |

  stating 
• the coordinates of the maximum point
• the coordinates of any points where the graph cuts the coordinate axes

(4)

(b) Find, in terms of k, the set of values of x for which

k – | 2x – 3k | > x – k

  giving your answer in set notation.
(4)

(c) Find, in terms of k, the coordinates of the minimum point of the graph with equation

y = 3 – 5f  1
2

x!
"#

$
%& (2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

the R is the y
co-ordinate

- of the maximum point

-
the sign means the graph
is flipped upside down

f(Ex) = k - (x - 34)

3 - Sf((x) = 3 - 5(k - k -34)
= 3 - Sk + 5(x - 3k)
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

sub in y
= k to find the

(1 .Sh
,
h) x co-ordinate of the maximum

a 13 point

y = R - (2x - 3k)

k = k - 12x - 3k)
k 2r > S

0 =
- (2x - 3k)

0 = 2x - 3k

-2k- I 2x = 3k

x = 1 .Sk

↑ Subiny:o to find the intercepts
of the x axis

sub in c = o to find the y intercept 0 = k - 12x - 3k)

(2x -3k) = R

y = k - (2x -3k)
R is positive so

2x -3k =R -2x + 3k = k
y

= k - 1 - 3k)
f -3k) = 3

y
= R -3 2x = 4k - 2x = - 2k

y
= 2k x = 2k x = R

CI
.S,D

-"R

= =2
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

y
= x -R

I
we are looking for the

region where the
y
co-ordinate

" of y = R- 12x -3k) is greateIumunumum

R in than the y co-ordinate of y
=x-k

-- R

-- 2k

y
= k - (2x - 3k)

k -12x - 3k) = x - R

(2x - 3k) = - x + 2k

2x - 3k = -x + 2k 3k - 2x = - x + 2k

3x = Sk -x = - R

x = 53k x = R

In the region we are looking for Ishaded purple), k and sk

In set notation :Ex: ]n (x : xk)
~"

means and

a) y = 3 - Sf(x)

max point of f(x) = (1 .Sk
,
k)

max point of f(x) = (3k , h) (horizontal stretch with scale factor 2
,

so

x co-ordinate is multipliedby 2)
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 11 is 10 marks)

minimum point of -st(t) = (3k , -sh) /reflection in ais and vertical

stretch scale factor S
,

so the

y co-ordinate is multipliedby -5)

minimum point of 3-sf() = 13k
, 3-5h) (translation (3) ,

so add 3

to the y co-ordinate)

(3k
,
3 - Sk)
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12. (a) Use the substitution  u = 1 + x  to show that

x
x10

16

+∫  dx = 
2 1

3
( )u
up

q −∫  du

  where p and q are constants to be found.
(3)

(b) Hence show that

x
x10

16

+∫  dx = A – B ln 5

  where A and B are constants to be found.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a find do :

let u = 1+
N = n - 1

x = (n - 1)
2

use the chain

dx ↓ rule

u = 2(u- 1)
dx = 2(u - 1)du

Find the new limits

u = 1 + 5

2x = 16 u = 1 + 56

= 5

ex = 0 n = 1 + 5

= 1 limits = 1
,
5

substitute in to eliminate x

S
16

3
dx = · In-1)

"

x2(u- 1) de
It U

O I

= (21
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) Integrate (21-1 duU
O

j2(n - 13 du
U

I 3

(n - 1)
- Sin de

↓ use binomial
= u3 +3u( 1) + 3(u)(i) + (-1)

= 28 - 34 + 3n - 1 de

expansion
= u3 - 3uz + 34 - 1

U
I

= 2Su2-3u + 3 - du integrate by adding I to
I

the power and dividing by
S I the new power .

= c[ju - zu + 3u -mu]
I
S = Inv sub in limits

Is and

= 2)(5(s) - 3(5) + 3(5) - (n(s)) - ( - z + 3 -mi)
↑ In 1 = 0

=2)( - ms - y + 0) becausee = /

= 2(( - (ns)
= 14 - 2 Ins
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 12 is 7 marks)
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13. The curve C has parametric equations

x = sin 2θ  y = cosec3 θ  0 < θ < 
π
2

(a) Find an expression for  d
d
y
x

 in terms of θ
(3)

(b) Hence find the exact value of the gradient of the tangent to C at the point where y = 8
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

S9) = do X do
I find d ther finde

reciprocal , which
do
As

3
use chair rule.Differentiate

y = (cosecO)
thebracket

,
then multiply

2 I by the derivative of the
de
do

= 3/coseco) = cosecocoto bracket.

= - 3 (coseco)" cot O In formula booklet :

o =

- 3coSec"OcotO f'(cosecO) = - cosecOcotO

x = Sin20

↓
f(sinko) = Kosho

= 2cos20

=o

= deax
=

- EcosecOcotOx
I

2cos20

=

- 3 coseco cot O

2COS 20

6) find the value of O when y
= 8

,
then subinto-ScoseccotO

to find the gradient 2cos20

y = coseco

ey = 8 8 = coseco
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Question 13 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 13 is 6 marks)

↓ ↓ cosectso coseco : singo
8 =

sin3o

sin30 = t
sing=

0 =

sub O = Eintody-Scosecoto to find the gradiet
2cos20

= - Scose(*) cot(*) cot5=
20s ( *3)

= - 3 = 8 x 53 from the question ,
coseco = 8

2x0 .
S

: - 2453
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14.

8 m
3 m

h m 5 m

T

Figure 5

Water flows at a constant rate into a large tank.

The tank is a cuboid, with all sides of negligible thickness.

The base of the tank measures 8 m by 3 m and the height of the tank is 5 m.

There is a tap at a point T at the bottom of the tank, as shown in Figure 5.

At time t minutes after the tap has been opened
• the depth of water in the tank is h metres
• water is flowing into the tank at a constant rate of 0.48 m3 per minute
• water is modelled as leaving the tank through the tap at a rate of 0.1h m3 per minute

(a) Show that, according to the model,

1200 
d
d
h
t  = 24 – 5h

(4)

Given that when the tap was opened, the depth of water in the tank was 2 m,

(b) show that, according to the model,

h = A + B e–kt

  where A, B and k are constants to be found.
(6)

Given that the tap remains open,

(c) determine, according to the model, whether the tank will ever become full, giving a
reason for your answer.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) so we need to findand
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Question 14 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

= 0 . 18-0 .
h (water flowing into the tank-wathe

flowing out of the tank)
= 0 .

48-0
.

Ih

Volume = 8 = 3 th = container is a cuboid so find volume by
V = 24h multiplying the side lengths together

E find derivative by bringingdown the power (of h)
which is I

,
and subtracting I from the power-

o-dh

=
= 4 + (0 . 48 - 0 . 1h)

th = 0 .48-0.

24

24 = 0.48-0.

1200 d = 24-5h

Integrate 1200 = 24-ch to finde

1200 : 24- h put all the h values on

one side and all t values

1200 dh = dt ↓ on the other side

24 - 5h

because the power 1200
oth is I higher Scalguan = Sat
on the bottom

than itis on the↓
top,

use In 1200x - ((n(2n - Sh) = t + c

- 240(n(24 - 54) = t + c

To find C :

at t = 0
,
h = 2

- 240(n(24 - 5(2)) = C
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Question 14 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

c = - 240(n(14) Sub in C

I
- 240(n(29 - Sh) = t - 240(n (14)

a lnx-alny t = 240(n (14) - 240(n(24 - Sh)
= a(n(y) ↓

t = 240/n(2n)
ot = In (n) raiseeachside tosee
ez- ↓ 2 =

24-Sh

rearrange for h ↓
24 - Sh =

14

et4o

Sh = 24- to
n =  - ↓o

: e

h = 4 .
8 - 2

.
82

- 740

C h = 4 .
8- 2 .8e *40

Ast +e
*
20

-0h + 4 . 8

When t is very lage ,
the height of the water is 4.8m .

The tank is Sm

high so the tank will never become full.
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Question 14 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 14 is 12 marks)
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15. (a) Express  2cos θ – sin θ  in the form  R cos (θ + α),  where R > 0 and 0 < α < 
π
2

  Give the exact value of R and the value of α in radians to 3 decimal places.
(3)

Water level

H metres

P

C

Figure 6

Figure 6 shows the cross-section of a water wheel.

The wheel is free to rotate about a fixed axis through the point C.

The point P is at the end of one of the paddles of the wheel, as shown in Figure 6.

The water level is assumed to be horizontal and of constant height.

The vertical height, H metres, of P above the water level is modelled by the equation

H = 3 + 4 cos (0.5t) – 2 sin (0.5t)

where t is the time in seconds after the wheel starts rotating.

Using the model, find

(b) (i) the maximum height of P above the water level,

(ii) the value of t when this maximum height first occurs, giving your answer to one
decimal place.

(3)

In a single revolution of the wheel, P is below the water level for a total of T seconds.

According to the model,

(c) find the value of T giving your answer to 3 significant figures.

(Solutions based entirely on calculator technology are not acceptable.)
(4)

In reality, the water level may not be of constant height.

(d) Explain how the equation of the model should be refined to take this into account.
(1)
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Question 15 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

cos(A +B) = COSAcosB-sinAsinB

9 22050- sinc = Rcos(o + a) ↓ Use formula booklet
- RCOSOCOSC - RsinOsind

compare coefficients : 2cos0 = RcosOcos -> 2 = Rcosa
SinQ = RsinOsinx ->1 = Rsinx

find 2 : Rsin X
= I

RCOSX
stand ↓

tand = I
x = 0

. 464(3st)

find R: R = 2
2

+ 12

- 5

2cos0 - Sinc = 55cos(0 + 0 . 464)

b) H = 3 + 4105(0 .
St) - Isin (0 . St) cubinEscos(0 + 0 .464) (that

: 3 + 2(220s(0 . St) - sin (0
.St) ↓ we found in pat a)

= 3 + 2(55(s(0 .
St + 0 . 464))

H = 3 + 25s cos (0 .
St + 0

. 464)

max H occurs when cos (0 .
St + 0 .464) = /

·

.

max height = 3 + 25s

Use cos(0 . St + 0 . 464) = 1 to find t

20s (0 . St + 0 . 464) = 1

0.St + 0 .464 = 27

0 .St = 27 - 0. 464

t = 47 - 0
.
928

t = 11 .
6seconds
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Question 15 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

c) find the times when the height is equal to O
,
then find the

difference between these times .

3 + 25

W
+ 0

.464) = 0

25 SOS + 0 .464) =
-3

20s0.
St + 0 .464) = -2

255

0 .St + 0 .464 = cos")is)
0 . St = cos" (e) - 0 . 464

t = 2(20s"(i) - 0 . 464)
cos

#2063t Find the t = 2(2 . 306 - 0
. 464)

first two = 3
.
684

in I
values of

:... i cos"(e)----- t = 2(3 .

977 - 0
. 464)

2
= 7

.
026

T = t - t
,2

= 7 .026 - 3
.
684

= 3
. 34 seconds

d) the '3' in the equation would need to vary
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Question 15 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

www.mymathscloud.com

www.m
ym

ath
sc

lou
d.c

om

www.mymathscloud.com



*P68732A04848*
48

  

Question 15 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 15 is 11 marks)

TOTAL FOR PAPER IS 100 MARKS
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