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Answer ALL questions.  Write your answers in the spaces provided. 

1.
y

O 1 3

R

x

Figure 1

Figure 1 shows a sketch of the curve with equation  y = x
x1+√

,   x . 0

The finite region R, shown shaded in Figure 1, is bounded by the curve, the line with 
equation x = 1, the x-axis and the line with equation  x = 3 

The table below shows corresponding values of x and y for  y = x
x1+√

x 1 1.5 2 2.5 3

y 0.5 0.6742 0.8284 0.9686 1.0981

(a) Use the trapezium rule, with all the values of y in the table, to find an estimate for the
area of R, giving your answer to 3 decimal places.

(3)

(b) Explain how the trapezium rule can be used to give a better approximation for the
area of R.

(1)

(c) Giving your answer to 3 decimal places in each case, use your answer to part (a) to
deduce an estimate for

(i) 5
11

3 x
x

x
+∫ √

d

(ii) 6
11

3
+
+





∫ x

x
x

√
d

(2)
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Question 1 continued
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(Total for Question 1 is 6 marks)
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1- 0.9686) }
✓✓
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Question 1 continued
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Question 1 continued
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¥×dx I5×1.635=8.1755

f.
'
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f ? ¥5, dx I 1. 635
} T

[ Gx ] ? t f
,
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2. (a) Show that the binomial expansion of

(4 + 5x)
1
2

in ascending powers of x, up to and including the term in x2 is

2 + 
5
4

x + kx2

giving the value of the constant k as a simplified fraction.
(4)

(b) (i) Use the expansion from part (a), with  x =
1

10
,  to find an approximate value for 2

Give your answer in the form 
p
q

 where p and q are integers.

(ii) Explain why substituting  x =
1

10
  into this binomial expansion leads to a valid 

approximation.
(4)
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Question 1 continued
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2C It ¥ x )
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Question 1 continued
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3. A sequence of numbers a1, a2, a3,... is defined by

a1 = 3

an + 1 = 
a
a

n

n

−
−

3
2

,      n ∈ `

(a) Find ar
r=
∑

1

100

(3)

(b) Hence find a ar
r

r
r= =

∑ ∑+
1

100

1

99

(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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a) a. =3
,
Az = 33¥ = 0

,
93 = 00--3-2--1.5

a4= Y.SI?- =3 ✓

Sequence repeats after every 3 terms
.

100

{ Ar = 9 , taz fast Ac, fast clot . . .
+ 997 1- 998 1- Aaa tano

r = I

=@ it azta3) + (ai tart as)t . . . t ( aitaitas) + Ac,

= 33cal taz + as) + a ,

= 3313 to + 1. 5) t 3

= 33 ( 4. 5) +3 151.5✓
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Question 1 continued
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= (ait aztas) t Cai taita ]) t . . - 1- (ait art as)

= 33 (altar +93) = 33 (4-5)=148.5
.

100 99

{ ar t r§
,

ar = 151.51-148.5=300 ✓
r =/

13 14

a

PhysicsAndMathsTutor.com



8

�'����������

D
O
 N
O
T W
R
ITE IN

 TH
IS A
R
EA
 

D
O
 N
O
T W
RITE IN

 TH
IS A
REA
 

D
O
 N
O
T W
RITE IN

 TH
IS A
REA

4. Relative to a fixed origin O,

  the point A has position vector i + 7j – 2k, 
the point B has position vector 4i + 3j + 3k, 
and the point C has position vector 2i + 10j + 9k.

Given that ABCD is a parallelogram,

(a) find the position vector of point D.
(2)

The vector AX
→

 has the same direction as AB
→

.

Given that ½AX
→½ = 10 2 ,

(b) find the position vector of X.
(3)

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________
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CÑ = BÑ
D •

f. • . µ↳ OI
A

•

☐
0

a)
in

=
oñ= %) Oi =/ & )

- 2

OI = OI + cÑ since cÑ =
BTA

01-3 = of + BTA

=( + ✓ BÑ
'

=
- OÑ + OTA

= 1+111=4.1
=

4

-

.

.

01J = - I +141-4 I ✓
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)
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.

.
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'

t 2AÑ
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5. f(x) = x3 + ax2 – ax + 48,   where a is a constant

Given that f (–6) = 0

(a) (i) show that a = 4

(ii) express f(x) as a product of two algebraic factors.
(4)

Given that   2 log2(x + 2) + log2 x – log2(x – 6) = 3

(b) show that  x3 + 4x2 – 4x + 48 = 0
(4)

(c) hence explain why

2log2(x + 2) + log2 x – log2(x – 6) = 3

has no real roots.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 1 continued
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(Total for Question 1 is 6 marks)
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i ) if fc -61=0 , C- 6) ' + a C- 6)
'
- al - 6) +48=0/

- 216 t 36A 1- Ga +48=0

42A = 168

a-
- YE --4

-

'

.
A =L, as required .

✓

ii ) fcx ) = 3+4×2 - Lix +48

if f- Caf = O , X - a is a factor of fcx ) .
f. C- 61=0 i. Xtc is a factor of fcxl .

aol.iiiii.ci?u..+e..-xstII-.I.xf--rx--YE+u88xtf8-
hence f- Cx ) = (It 6) Csc

'
-2×1-8 ) ✓✓
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Question 1 continued
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PMT

15

b)

210g , Cat2) = logzkxt2i ] alogb = log Cba)

= log , Cx 't 4×+4)

log, ( x2 tlcxt 4) + log , Cx ) - log , ex - G) =3

log at logb = logcaxb)
log , ( x3+4×2 + Lix)✓_ log, Cx -07=3

toga - logb = log (E)

log , ( 23+42%4×-1=3✓ log , a =3 , a --23

oc3t§¥gtU# = 8✓= ) x 3+4×21-62=8×-48
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's
t Lik' -4×1-48=0

as required✓
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Question 1 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

$

c)
f- (d) = 231-4×2 - 4×+48=(21-6) (x2 -2×+81=0

( Itb) ( 2-2×1-81=0 ab = 0

↳ a=o

✗ to = 0
,
2=-6

.

b= 0

logz ( X) is only valid when a > o .
Since -6<0

,

I = - 6 is not a valid root ,✓

I
?
- 2×1-8=0 b

'
- Lcac > 0 → 2 real rootstax 2 tGbxrÉ = o b ' - Uac 40 → no real roots ,

b' - Lcac = C- 2) 2 - Cecil (8)

= 4 - 32

= -28 → -28<0 i. no real ✓ooh .✓

Since neither CX to)=o or X
'
-2×1-8 produces

valid real roots
,
there are no real roots to the

equation .

$1 160

•
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6.

6 m

5 m

A

y

O

C

B x

Figure 2 Figure 3

Figure 2 shows the entrance to a road tunnel.  The maximum height of the tunnel is 
measured as 5 metres and the width of the base of the tunnel is measured as 6 metres.

Figure 3 shows a quadratic curve BCA used to model this entrance.

The points A, O, B and C are assumed to lie in the same vertical plane and the ground 
AOB is assumed to be horizontal.

(a) Find an equation for curve BCA.
(3)

A coach has height 4.1 m and width 2.4 m.

(b) Determine whether or not it is possible for the coach to enter the tunnel.
(2)

(c) Suggest a reason why this model may not be suitable to determine whether or not the
coach can pass through the tunnel.

(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

(0,5)

C- 3,0) (3,0)

→ 1.2m Either side

PhysicsAndMathsTutor.com
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

$

a)

y
= KCI - 2.) ( Sc - Xz ) Where Xi and Xi are roots .

Xi =-3

y = f- (Xt3) (x - 3) sci =3

y = KCI - 9)✓ at ( 0,5) ,
5=1--10

'
- 9)

5 = - 9K

f- =
- QIU

y =
- g- ( x

'
-9 ) :

. y=gI ( 9- xD ,
{-31×13}✓

_-z&•__e

too
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

•

b)

Y = § ( 9-xD

at Sc = 1.2m
, y = § ( 9- ( 1. 2)2)✓ 4.2m

.
• 4.2m

= 4.2m u.fm
t

since 4.2m > 4. Im 1.2m 1.2m

height of tunnel > height of bus

- : yes ,

bus can pass through tunnel/

____-__←••-f_I-EG-_

•
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

$

c)

The quadratic curve BCA only applies to the entrance
.

We do not know if the model is valid throughout
the entire length of the tunnel

.

✓

g-
Hernative Answers

• •

•
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7.
y

O

R

x

Figure 4

Figure 4 shows a sketch of part of the curve with equation

y = 2e2x – xe2x,      x�∈ \

The finite region R, shown shaded in Figure 4, is bounded by the curve, the x-axis and 
the y-axis.

Use calculus to show that the exact area of R can be written in the form pe4 + q, where 
p and q are rational constants to be found. 
(Solutions based entirely on graphical or numerical methods are not acceptable.)

(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

*

a)

root : 2 et" - seek = O

ez" ( 2 - x ) = 0

✗
e
"

= o 2 - x = 0

↳ invalid I = 2✓ I
2

R = [ 2 e
"

- see
"
doe fea

"
dx = d-ea

"
+ c

= [2e"dx - [xdaµdv=uv - fvdu~
=/ e
"

- (x - fi a;)]iu=x v.
e'%

du = i dv= e
'"

=/ e
"

- ( - e÷)) ;-
= ( e

"
- ( e" - ¥ ) ) - ( I - CO - ÷ ) )

= ( e4 - e4 + e÷ ) - ( 1 - o +÷ ) -

= ¥ - ¥ : .
R= e

"
- E-✓ ( p=÷ , q= - E)

17 $

•
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8. There were 2100 tonnes of wheat harvested on a farm during 2017.

The mass of wheat harvested during each subsequent year is expected to increase by
1.2% per year.

(a) Find the total mass of wheat expected to be harvested from 2017 to 2030 inclusive,
giving your answer to 3 significant figures.

(2)

Each year it costs
● £5.15 per tonne to harvest the first 2000 tonnes of wheat
● £6.45 per tonne to harvest wheat in excess of 2000 tonnes

(b) Use this information to find the expected cost of harvesting the wheat from 2017 to
2030 inclusive. Give your answer to the nearest £1000

(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

↳ 14 Years
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

$

a)
2017 2018 2019

t to to

2100T 2100 ✗ I -012T 2100×1-012'T

1-
arms n= 14 ( number of years) -

Sn = af.ly#--ssiu--210Y.cHjYzi4-✓

= 31806.99
. . .

T

= 31800T ( 3. 5. f)✓

→eE
•

PhysicsAndMathsTutor.com
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

b)
$

Total wheat after 14 years = 31806.9948 . . .

T

in 2017
,

2100T

→ 14 years : first 2000T are : £5-15×2000×14

= £144,2001

Amount of wheat charged @ £6.45 is :

31806.9968 - 2000×14 = 3806.9968

remaining wheat is : 3806.9948×1-6.45
-1-24555 . 11646 . . -✓

Total cost = f- 144,200 1-£24,555.1104b . - .

= £168 , 755. 116 - .
.

= £169,000 .

( nearest thousand)
-

✓

& &

&
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9. The curve C has equation

y = 2x3 + 5

The curve C passes through the point P(1, 7).

Use differentiation from first principles to find the value of the gradient of the tangent 
to C at P.

(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

f-
' em =d¥=hi%µ¥:! I

d¥ = Liff ((2CxthPtn5)-(2x3t)✓✓
(Ith)

}
= ✗

3
t 3×2 h + 32h2 + hrs ✓

= Iim ( 2*31-6×2ht Goch't 2h3 +15-12×3-54h-so h

= 1in ( 6×2 h + Gah
'

1- 2h3 )h→o h

= 1in ( 6×2 1- Goch 1- 2h2 )✓= 6×2 to to
h-10

dy
I

= 6×2 -

i
- d /

✗ = ,

= 6C 1)
'

= 6 ✓
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10. The function f is defined by

f : x 6 3 5
1

x
x
−
+

,     x�∈ \,   x ≠ –1

(a) Find  f –1(x).
(3)

(b) Show that

ff(x) = 
x a
x
+
−1

,     x�∈ \,   x ≠ ±1

  where a is an integer to be found.
(4)

The function g is defined by

g : x 6 x2 – 3x,     x�∈ \, 0 - x - 5

(c) Find the value of  fg(2).
(2)

(d) Find the range of g.
(3)

(e) Explain why the function g does not have an inverse.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

☒

•a)

if flat = 35¥
✗ = ;¥¥-÷ -

Sc ( f-
"

(d) + 1) =3 f-
' ( x ) - 5

←

✗ f-
' (a) + x = 3 f-

' ( x1 - 5 ✓

Gc - 3) f-
'

(x ) = - x - 5

f-
'
Cx ) =

:
. f-

'

(a) = ✓

--__EEEoaa
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

*

b)

f. ( x ) = 3I- ffcx) = f- ( fix ) )

F- + C = g- + ¥ = atbb
ten -

-

E.EE?:--t-s--3C3x-53+5Cxt#-
=%÷÷÷!:¥¥-." " '

= 9×-15-5×-52
30C - 5 txt I

=¥:÷-
= o
I - I

f- f- Cx) = 3¥ :
- a = - s✓

bfoIo-nÉf__
8
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

☒

c)

f- 4) = 32¥ fgca) = fcgcas)

slept : gc 2) = 2
"

- 3C 2) = 4- 6=-2✓

step 2 : fcgczi ) = f- c- 2) = 3.92¥
= _°

I
= = 11

:
. fg (2) = 11 ✓

ÉIE---__
q
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

to

d)

g ( X ) = x2
- 30C X EIR

,
053C I 5

M.p = g.
coordinate of TP o

.

1-5 ?
i
,

5

↳ inbetween roots of quadratic . 1
,

x2 - 32 = 0
.

-

.
✗ (2-3)=0

↳ oc = o

2C - 3 = 0 i.sc =3

I - coordinate of tp . is 01-2-3=1-5

y .
coordinate of tp . is g( 1. 5) = - 2.25

-

'

. 9min =
- 2.25 ✓

gmasc =g(
5) = 5

'

- 3×5 = 25 - 15=10. -

-

'

.

- 2.25 fgcsc) £10-

,

e)

if inverse , function is one - to - one

the function gis many - to - one✓

e. g. glo] = 0 and gc33=0 -

'

. gco> = gc33=0

110 As

•
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11.

O

y

x
A B

Figure 5

Figure 5 shows a sketch of the curve C with equation  y = f(x). 
The curve C crosses the x-axis at the origin, O, and at the points A and B as shown in 
Figure 5.

Given that

f ′(x) = k – 4x – 3x2

 where k is constant,

(a) show that C has a point of inflection at  x = –
2
3 (3)

Given also that the distance  AB = 4 2

(b) find, showing your working, the integer value of k.
(7)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

BI

a)

f-
"
Cx) = 0 -4 - Goc

i. f-
"
(x) =

- Li - 6×5

Possible POI when f-
"
(X) = 0

- 4- Gsc = 0

62 = -4

✗ = - 3-
- § = - 0.6° → Testing range is : -0.7 Coca -0.6

f
" C - 0.7 ) = - Li - 6C - O - 7) = 0.2 70

f- " C - O. 6) = - 4 - 6C - 0 . 6) = - 0.4<0

Both criteria are met a :-c has a point of
inflection at ✗ = - § I

_--o---

og
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

Hi

b)

f-
'
(X) = K - 4×-3×2

- It Fk

f- (X ) =/ K - 4×-3×2 dx

= Kx - 2×2 - Is + CW

- I - JFK

@ ✗ = 0
, f- (X) = 0

0 = KCO) - 2105 - 03 + C :
.
C = 0

f- ( Sc ) = Kx - 2×2 - ✗
3

= X C k - 2x - I
' )

↳ ✗ = 0 Qr K - 2x - x2 =or

✗
2
t 20C - k = 0

axztbxtc
,
✗ i. xz =

-b±TÉ-
i. a. , xz = -2 ±FÉ → ↳+4k

2

= -212*-7=-1 ±Ftw

AB = C- I +F) - C - i -E) = 452 ✓
= Xt TH ti t kt
= 25kt = 425 = > Ft = 58

ktl = 8 - : k= 7.✓

Me ☒

I
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12. Show that

2

0

sin 2
1 cos

π
θ
θ

 dθ = 2 – 2 ln 2
(7)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

Try and male denominator 1 term → Easier to solve
.

fi-2-odo-12-s.nu/Eoso-xdu-U=ltcoso-Vltcoso-S/i-ddU----Sino=-2/C0-usdu do =

.cl#gsinC20-)=2sin-ocoso}"
= -2 / ¥ du ✓ at ② = E- , U= I

= -2/1 - Lu du -0=0,4--2

= -2 (U - Inu)✓✓ Since a- ltcoso

1 COS -0 = U - I¥
sin# do -_ f- 2(U - Inu))% It cos 2

=L-211 - Ini)) - ( -212 - 1h21)✓

= - 2 +4 - 21h2

= 2- 21h2 as required .

✓
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13. (a) Express  2 sinθ – 1.5 cosθ in the form  R sin(θ – α),  where R > 0 and 0 < α <
π

State the value of R and give the value of α to 4 decimal places.
(3)

Tom models the depth of water, D metres, at Southview harbour on 18th October 2017 
by the formula

D = 6 + 2 sin πt� 

� �� �

 – 1.5 cos πt� 

� �� �

 ,      0 - t - 24

 where t is the time, in hours, after 00:00 hours on 18th October 2017.

Use Tom’s model to

(b) find the depth of water at 00:00 hours on 18th October 2017,
(1)

(c) find the maximum depth of water,
(1)

(d) find the time, in the afternoon, when the maximum depth of water occurs.
Give your answer to the nearest minute.

(3)

Tom’s model is supported by measurements of D taken at regular intervals on 
18th October 2017. Jolene attempts to use a similar model in order to model the 
depth of water at Southview harbour on 19th October 2017.

Jolene models the depth of water, H metres, at Southview harbour on 19th October 2017 
by the formula

H = 6 + 2 sin πx� 

� �� �

 – 1.5 cos πx� 

� �� �

 ,      0 - x - 24

 where x is the time, in hours, after 00:00 hours on 19th October 2017.

By considering the depth of water at 00:00 hours on 19th October 2017 for both models,

(e) (i) explain why Jolene’s model is not correct,

(ii) hence find a suitable model for H in terms of x.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

PMT

↳ C- =0

↳ C- = 24hr ↳ ✗ = 0hr

PhysicsAndMathsTutor.com
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

A

•a)

Asin -0 I b cos -0 = Rsinco ± a)

R =
AFF tana =

baa
= 2 and b = 1.5 =) R =

¥-52 = 2.5 ✓

✗ = tan - '

(12--5)=0.6435✓

i. 2 sin Q - 1.5 cos 0 = 2.5 Sin (-0 - 0.6435) ✓

_-BAkWBk••HqAAk
•
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

A

b)

2 sin 0 - 1.5 cos ① = 2.5 sin (-0-0.6435)

D= Gt 2.55in ( 4- -
0.6435)

= 6+2.5 sin C- 0.6435 )

= 4.5m ( 2. 5. f) . ✓

f↳f-
•
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

1B
old

c)

D= 6+2.5 Sin ( -
0.6435)

Max when Sin (U -
0.6435 ) = I

25

Dmax = Gt 2.5 (1) = 8.5m ✓

I
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

As

d)

D= Gt 2.5 sin/ 4T¥ - 0.6435)

a-

¥E - 0.6435 = 5¥ ✓ -2 5¥

4T¥ = 55^-1-0.6435 a÷=y ,
a = bad

c- = 2¥ ( +0-6435 ) ✓

= 16.9 Hr after 00:00 ⇒ 16:54 ✓

-←_-
of
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

*

¥
D= 61-2.5 sin (4%1--0.6435)
= 61-2.5 Sin (4F{2 .

0 . 6435) = 3- 72mV

It = 61-2.5 Sin (4-1,7--0.6435)
= 6 t 2.5 Sin f 0 .

6435 ) = 4.5m

Since D= 3.72m¥ H= 4.5m
,

Jolene model is not true
.

ii ) H = 6+2 sin (4×4%1-262) -

l - 5- cos (4*(0%-24))
OEXC 24

IG ☒

Ell
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14. 

O

y

x

C

Figure 6

Figure 6 shows a sketch of the curve C with parametric equations

x = 4 cos π
t +  

 ,  y = 2 sin t,      0 < t - 2π

Show that a Cartesian equation of C can be written in the form

(x + y)2 + ay2 = b

 where a and b are integers to be found.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 1 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 6 marks)

PMT

A

✗ = 4 cos ( C- + E) y=
2Sint

✗ +

y =L, cos (
t 1- ¥ ) t 2 Sint

cos C AtB) = cos A costs - SinA sinB

→
53k → Yz

xty = 4 ( cost cos
-
Sint sing) + zsintvv

✗ +

y = 253 cost#t + Zsint ⇒ xty = 253 cost✓

221¥ = cost cos 't + sin 't = 1

cos it = 1- Sint

(xz¥gY= 1 - Sin 't y= 2sint ⇒ sin't = ¥

( 3¥) 't ¥ -

-

i -⇒ 4T¥ + ¥ "

( xty)
'
+ 3g

'
= 12 ✓

-

'

- a =3
,
b = 12

At be

a
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