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1. Find

8
3

2
5

3x
x

x− +⎛
⎝⎜

⎞
⎠⎟∫ d

 giving your answer in simplest form.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Rearrange so thats is not -> (8x- + 5 da
M = x

on the denominator of the
↓fraction . = J8 - Ein + Sdxa = x

- a

↓

Integrate by adding one to= f 8c-Eck + 5 da

the power , and dividing ↓ remember to

by the new power. ~ &x"- C
X addc

,
the

constant of integration,
= (x" - 3xk + Sx + c

because we are

integrating without
limits.
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Question 1 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 1 is 4 marks)
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2.  f (x) = 2x3 + 5x2 + 2x + 15

 (a) Use the factor theorem to show that (x + 3) is a factor of f (x).
(2)

 (b) Find the constants a, b and c such that

f(x) = (x + 3)(ax2 + bx + c)
(2)

 (c) Hence show that  f (x) = 0  has only one real root.
(2)

 (d) Write down the real root of the equation  f (x – 5) = 0
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

9 The factor theorem states that f(x-a) is a factor of fle) if fla) = 0.

In this case
,
a = - 3

, ( f( - 3) = 2 (3)3 + 5(3)2+ 2(3) + 15

because we are showing = 2(27) + S(9) + 2) -3) + 15

(x + 3) is a factor. =

- S4 + 45 - 6 + IS

f(z) = 0

f (3) = 0
,

so ( + 3) is a factor

6) To find a
,
b and c

,
divide (x + Sch + 2x + 15 by (x + 3) to find

a quadratic

-
3 6x2 -3 IS

f(x) = (x + 3)(2x- x + 5)soa = 2
,
b = 1

,
c =

5

2) To show f(x) has only one real root
,
(3)

,
show 2x"-x + 5 has no

real roots.

to show there are no -> b2 4ac = (1)2 - (4x2xs)
real roots

, find the = 1 - 48

discriminant. This is the b2 - 4ac : - 39

part of the quadratic formula The discriminant is <O
,

so the quadratic
that

, if negative ,
means has no real rook

,
so f(u) = o has only

that there are no real solutions real root .
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

d) f(x-s) is a tran off(x) .

It is a translation (8)
,
which means

the whole graph mosformationo the right.
The onlyreal root of f(x) is3

. f(x - 5) = 0 - 3 + 5 = 2

So the only real root of f(x-s) is

2. because the root has shifted = 2 is the only real root of f(x-s)
5 co-ordinates to the right .
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 2 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 2 is 7 marks)
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3. The triangle PQR is such that  PQ
→

 = 3i + 5j  and  PR
→

 = 13i − 15j

 (a) Find QR
→

(2)

 (b) Hence find ½QR
→½ giving your answer as a simplified surd.

(2)

 The point S lies on the line segment QR so that QS : SR = 3 : 2

 (c) Find PS
→

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

sene

->

a) " Brawngdig,po

(13-15; ) · R -> ->

QR =
- PQ +F

because i and j = - (3i + 5j) + (Bi - 15;)
are perpendicular,

->

you can just add
: - 3i - Sj + 13i - 15j

i andj together : 10 : -201separately.

6) IQR1 is the magnitude of R .
Use pythagoras to find the magnitude.

1) = 11032 + 12032 pythagoras : a = b2 + ch
= 100 + 400 a = b2 +c

To find in its simplest form ,

= 500 where a is the magnitude
find the largest square 1 = 1005 we are tryingto find.
number which is a factor = 105 b = 10(i) 2 =

- 20(j)

of 500 ,

(100)

2) To lind as , findQ + &s . Because QS : SR : 3 : 2,(3i + 5j) ofR
-> ->
Pa ..

Q
QS = 3/5 GR

po R P = P + Es(R)
-v:......s = 3i + 5j + 3s/10i - 20; )

· R
: 3i + 5j + 38; - 6
= 3i + Sj + Gi - 12j
= 9i - 7;
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Question 3 continued
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_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 6 marks)

www.mymathscloud.com www.mymathscloud.com

https://goodnotes.com/


*P69201A01048*
10

 

 

����������

4.

A
60° θ°

C

B

(x + 2) cm

7x cm

(3x + 10) cm

Figure 1

 Figure 1 shows a sketch of triangle ABC with AB = (x + 2) cm, BC = (3x + 10) cm, 
AC = 7x cm, angle BAC = 60° and angle ACB = θ°

 (a) (i) Show that  17x2 – 35x – 48 = 0
(3)

  (ii) Hence find the value of x.
(1)

 (b) Hence find the value of θ giving your answer to one decimal place.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

↑

C a

↓ remember sidae A

b

a We need to use the cosine rule : a = b2 + c - 2bacosA

(3x + 10) = (7x)2 + (x + 2) - 2(7x)( + 2)cs60
9x2 + 60x + 100 = 49x2 + x + 4x + 4 - (14x2 + 28x)c0s60Weknowre
9x + 60x + 100 = 49x2 + x2 + 4x + 4 - (7x2 + 14x)
9x2 + 60x + 100 = 49x2 + x2 + 4x + 4 - 7x2 - 14

0 = 34x2 = 70x- 96 ↓ put all terms on one side and divide by
0 = 1722- 35x-48 C to get the required form.

i) solve 17x" -352-48 = 0 to find

0 = (17x+ 16)(x-3) It is factorisable ,so factorise to find c

17x + 16 = 0x + 3 = 0

17x = -16x = -3

x =-

x = 3 (x mustbe positive because a side of a triangle
cannot have a negative length
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

b) we can use the cosine rule again : a = 32 + -2 bccosA
C We are trying to find angle B,

b5 199 (B = 0) so swap a and b around in the

equation. B = O

A
160 10

B ↓
21 b2 = a + c - 2accosB

C 52 = 192 + 212 - 2x19x21xcOSB
-

we know x = 3
,
so sub in 25 = 802 - 798csB

= 3 to find the side 798c0sB = 777
lengths. cosB = 0

.

97368 ....

0 = B = 13
.

1735 ...

0 : 13 . 20 (ldp)
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 4 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 4 is 6 marks)
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5. The mass, A kg, of algae in a small pond, is modelled by the equation

A = pqt

 where p and q are constants and t is the number of weeks after the mass of algae was 
first recorded.

 Data recorded indicates that there is a linear relationship between t and log10 A given by 
the equation

log10 A = 0.03t + 0.5

 (a) Use this relationship to find a complete equation for the model in the form

A = pqt

  giving the value of p and the value of q each to 4 significant figures.
(4)

 (b) With reference to the model, interpret

  (i) the value of the constant p,

  (ii) the value of the constant q.
(2)

 (c) Find, according to the model,

  (i) the mass of algae in the pond when t = 8, giving your answer to the nearest 0.5 kg,

  (ii) the number of weeks it takes for the mass of algae in the pond to reach 4 kg.
(3)

 (d) State one reason why this may not be a realistic model in the long term.
(1)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

We can get rid of the logio by raising all terms to the power of 10. This

is because IOlgoA : A

10109·ALOGA00
A = 100

.03t + 0
.
5 xa + b

= x = x

A = 180.037x/60 .
5 ↓

so 180
.
037 + o . S

. /j0
.03 0.s

t

lookingat the form A = pqtwe need
-> A = (10003) = 1005

to change 100.03t
to (100.

03).
Use the power rule (a)" =ab A = 100x10003)

f now it is in the form
A = pqt A = pqt ,

we can

p = 100" = 3
.
162

find the values of pand q

q = 100.
03

: 1
.
072
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

The complete equation is: A = 3
.
162x1 .

072t

bi) When t = o
, q = 1

,
so A = p . Therefore p is the original mass of

algar .)mass when t= o).
ii) a is the rate of growth of algae. Because t is measured in weeks

and A is in kilograms ,

it is the rate of growth in kilograms each week.

c) I sub in t = 8 into A = 3 . 162x1 .
0724

A = 3 .
162x1 .0728

A = 3
. 162 + 1 .744

A = 5 . S

A = 5
.

5 hg (to the nearest 0
.
S hg

ii) subin A = 4 to find t

divide by 3
.1621 4 = 3

. 162x1 .
0727

1
.
265 = 1 . 072t take logs of base 1 . 072 of

log1 .
07 21 .265 = 10g1.

0721 .

072t both sides

10g1 . 072
1

.
265 = t 10g1 .

07 21 .072" = t

t = 3
. 38

= 3
.
4 weeks

d) the model predicts unlimited growth ,
which is unlikely
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 5 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 5 is 10 marks)
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6. (a) Find the first 4 terms, in ascending powers of x, of the binomial expansion of

3
2

9

8

−⎛
⎝⎜

⎞
⎠⎟

x

  giving each term in simplest form.
(4)

f ( )x x
x

x= −⎛
⎝⎜

⎞
⎠⎟ −⎛

⎝⎜
⎞
⎠⎟

1

2
3

2

9

8

 (b) Find the coefficient of x2 in the series expansion of f (x), giving your answer as a 
simplified fraction.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

con use Pascal's

' , triangle ora
12

1331 ↓calculator ·
14641

IS 10 10 5

16 IS 20 15 6

1 721 35 352171

18285670562881

↑ (3 - 2)0 : 0013
"

+ 0x + 3:() + 02 +3 = (2)
+ 823 x 35 x (2)

=( x 6561x1 + 8x2187x -

2 + 28x729x
+ 56 + 243x-

= 6361 - 3888x + 1008x - 188

b) split up the first fraction into two fractions

: -

f(x) = (2 - 25)(3 - 2)
So

,
we must multiply I by the c term in the second bracket

,
and

- by the c tem in the second bracket
,

to get two terms in c

f(x) = (k-j)(65) - 388x + 1008x-
.....
Y

www.mymathscloud.com www.mymathscloud.com

https://goodnotes.com/


*P69201A01948* Turn over      

19

 

 

����������

Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

·

10082 - 18,
3

- souxh -244 ↳
both of these termsore

coefficients of s

- 2 -504 24

so the total coefficient of sh is 504 + 14:3

coefficent of " :

1
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 6 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 6 is 6 marks)
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7. (a) Factorise completely  9x – x3

(2)

 The curve C has equation

y = 9x – x3

 (b) Sketch C showing the coordinates of the points at which the curve cuts the x-axis.
(2)

 The line l has equation  y = k  where k is a constant.

 Given that C and l intersect at 3 distinct points,

 (c) find the range of values for k, writing your answer in set notation.

Solutions relying on calculator technology are not acceptable.
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) c is a 9x - x3 in 19-x") ,
both 9 and <"

common factor ↳
x(9 - x))
x(3 + x)(3 - x)t

are square numbers ,
so you

can factorise the difference
of two squares

509x-x3 = x(3 +x)(3 -x) (a
2

- b2) = (a + b)(a- b)
so (9- x2) = (3 + x)(3 - x)

3) To find rook set y = < (3 + sc)(3 -x) equal to 0

0 = x(3 + x)(3 -x)
x =03+ x = 03-x = 0

x =
-3 x = 3

roots are
0

,
-3

,
3

-]
↓ the graph is a cubic

,
so has a

~ or h shape.

- 3 O 3 y
Because the coefficent of23 is -1

,

the shape of the graph is a

negative cubic ,
a M shape
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

d ↓ greatest value of h just less

y = k
than the peak

smallest value of h just
y

= k <greater than the trough

We can find these points on the peaks and troughs ,
because they are turning points

the gradient = o

find gradient by ) y
= 9x - x

differentiating y . A = 9 - 3xBring the power
down

,

then subtract

I from the power .

O = 9-3x I set the gradient equal to 0. The

0 = x2 -3 solve to findc at the turning points
0 = (x - v3)(x +(3)

x = 53
,

- 53

sub back in2 to find their y
values.

y
= 95 - (8)3 y

= - 953 - (83)3
g

= 653
y

=
- 65

y = kk= 65
So the value of k

y
=kk = - 65 must be between these

two values to give 3

distinct solutions.

"K is between-653
"R is a member of and GVS

"

real numbers
"

↓

S REI : - 553 >m > 653]
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 7 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

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

Solutions relying entirely on calculator technology are not acceptable.

 The air pressure, P kg/cm2, inside a car tyre, t minutes from the instant when the tyre 
developed a puncture is given by the equation

P = k + 1.4e–0.5t      t ∈       t  0

 where k is a constant.

 Given that the initial air pressure inside the tyre was 2.2 kg/cm2

 (a) state the value of k.
(1)

 From the instant when the tyre developed the puncture,

 (b) find the time taken for the air pressure to fall to 1 kg/cm2 
Give your answer in minutes to one decimal place.

(3)

 (c) Find the rate at which the air pressure in the tyre is decreasing exactly 2 minutes 
from the instant when the tyre developed the puncture. 
Give your answer in kg/cm2 per minute to 3 significant figures.

(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a Initially ,
t = 0

,
so 1 .42

% . 5
= 1

. 4 (because anything tothe O equals 1).
Initially P = 2.2

& t = 0 2 . 2 : k + 1 .
4

k = 0
.
8

b) P = 0
.
8 + 1

. 4e
- 0 .

St

- o . St
1 = 0 . 8 + 1. 4e & set p =1 to find t

0 . 2 = 1 . 4 e
- 0 . St

Y7 = e

- 0 . St
I divide both sides by 1. 4 to get east by itself-

In %7 = Ine-ost = take In of both sides

In = - 0 .
St -Ine" = x

,
so IneoSt = -0 . St

t = -2 In* =

rearrange to find t.
t = 3

. 89

t = 3 .
9 minutes (2st)

c) to find the rate, we differentiate they are synonymous
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Question 8 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 8 is 6 marks)

- o .
St

p = 0 . 8 + 1 .42 remember
,
when we differentiate e , we bring

- 0 . Stt = -0
.
5x1. 4e

↓ down the derivative (-0 .5) of the power ,
and

=
- 0 . 7e

- 0 . St
we don't change the power .

sub in t = 2

- 0 . S x 2

Ct =2at = -0
. 7e

,

== 0
.
72

== 0
. 2575...

so the air pressure is decreasing at a rate of 0
. 258 kg/cm2 per min
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9. (a) Given that p = log3 x, where x > 0, find in simplest form in terms of p,

  (i) log3
x
9

⎛
⎝⎜

⎞
⎠⎟

  (ii) log3 x( )
(2)

 (b) Hence, or otherwise, solve

2 log3

x
9

⎛
⎝⎜

⎞
⎠⎟  + 3 log3 x( )  = –11

  giving your answer as a simplified fraction.

Solutions relying on calculator technology are not acceptable.
(4)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) i) use rule : loga-logb = log

logs) = logy-logy9
X 10939

: 2 because 32 : 9

logs() = p - 2

ii) use rule loga" = cloga

logat = logger
k

= Vlogz
logs =2 p

b) sub in logs() = p-2 and logat ="p

2)+g
2p - 4 + 3/2p = - 1

7/2p = - 7

p = - 2

subin p = -2 into p
= loga
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Question 9 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 9 is 6 marks)

- 2 = logs
x = 3-

2

x = Va
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10.

P

C

O
R

y

x

l

Figure 2

In this question you must show all stages of your working.

Solutions relying on calculator technology are not acceptable.

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

y = 
1

3
x2 – 2 x  + 3         x  0

 The point P lies on C and has x coordinate 4

 The line l is the tangent to C at P.

 (a) Show that l has equation

13x – 6y – 26 = 0
(5)

 The region R, shown shaded in Figure 2, is bounded by the y-axis, the curve C, the line l 
and the x-axis.

 (b) Find the exact area of R.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

133 -- -- ---

I

I

I

"
4

aWehave/findthegradientothWecandothi by finding
the gradita

y
=x -
2x

=x

differentiate by bringing
down

↓ the power and subtracting I

a = 2xzx - 2x(x from the power

= 4zx -x

&x = 4 · = zx - 4
2x4k = 1

gradient = 13/6
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

Now find the y co-ordinate of P by subbing in c =4 into the original equation .

ex = 4
y

= 5 x42 - 254 + 3
= 163 - 4 + 3

= 13/3

P = (4 , 13/3)
find the equation of L by subbing in m = 13

,
x = 4

,y
= 13/3 into

y = mc + c to finda

y = mx + c

13/3 = 13/x4 + C

13/3 = 26/3 + C

c =
- 133

y = "Ex-3

6y = 13x - 26

13x - by
- 26 = 0

b) To find R , integrate the curve C between

x= 4 and x = 0
.
Then subtract triangle T

To find T ,
use area=*xbase height

2

T

4 height = 13/3

sub in y= 0 into 13-by-26:0 to find the base
13x - 26 = 0

13x = 26

integralbyR :-2a x = 2 base = 4-2 = 2

↓
dividing
bythenew

R: + -Exbaseheight
SubinR =(- +3x4)-(- + 30) - Ex

and O.
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

R = ( = - 3 + 12) - 0 -
2 +2x

:

26-1
R = 2
R = 3
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Question 10 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 10 is 10 marks)
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11.

C

O

l

y

x

Figure 3

 Figure 3 shows the circle C with equation

x2 + y2 – 10x – 8y + 32 = 0

 and the line l with equation

2y + x + 6 = 0

 (a) Find

  (i) the coordinates of the centre of C,

  (ii) the radius of C.
(3)

 (b) Find the shortest distance between C and l.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) Complete the square of bothx and y to get the equation into
the form (x-a)2 + (y-b)

2
= r2

,
where / ,b) is the centre and

r is the radius

x2 + yz - 10x - 8y + 32 = 0

(x - S)2-25 + (y - 4)2 - 16 + 32 = 0

(x - 5)2 + (y- 4)) - 9 = 0

(x - S)2 + (y- 4)2 = 9

(x -a) + (y - b)2 = r2
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

centre : (a ,b) centre = (5 ,
4)

radius = r radius= = 3

b) ↳ the shortest distance
↓ is perpendicular to

line)
,
and its line

would pass through
the centre of the

· (5,4)
circle.

shortest distance
↳ Cy + x + 6 =

0rearrangea
2y = -

x - 6
the form

y =

- Yx - 3
y =mx+ c

first
, find La

.

It is perpendicular to I,
,

so their gradientsmultiply to get - I

gradient of L = -
,

so gradient of 12 = I because -2x2 = -1

y = mx+ C

subin (5,4) 4 = 2xS + C

4 = 10 + c c = - 6

equation of l =

y
= 2x - 6

Find the point of intersection between L ,
and I ,by setting them equalto one another.

y = -Ex - 3 y = 2x - 6 - x - 3 = 2x - 6

3=x

x = 65
y

= - 18
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

point of intersection : (%, -18)

If we find the distance between the point of intersection of 1 , and1
,
and

the centre of the circle (5 ,4) , we can subtract the radius (3) to find the
shortest distance.

shortest distance = distance between (4 , -*s) and (5 ,4) - radius

use pythagoras -
15 , 4)

to find the distance

from the centre I
= (S -&)2 + 14 -

-1) - 3
of the circle 4 - - 18
to(s, = ( + 122 - 3

(%,- 18s)5 - 5/s

-
shortest distance = 1955-15

S
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Question 11 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 11 is 8 marks)
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12. A company makes drinks containers out of metal.

 The containers are modelled as closed cylinders with base radius r cm and height h cm and 
the capacity of each container is 355 cm3

 The metal used

• for the circular base and the curved side costs 0.04 pence/cm2

• for the circular top costs 0.09 pence/cm2

 Both metals used are of negligible thickness.

 (a) Show that the total cost, C pence, of the metal for one container is given by

C = 0.13πr2 + 
28 4.

r
(4)

 (b) Use calculus to find the value of r for which C is a minimum, giving your answer to 
3 significant figures.

(4)

 (c) Using d
d

2

2

C
r

 prove that the cost is minimised for the value of r found in part (b).
(2)

 (d) Hence find the minimum value of C, giving your answer to the nearest integer.
(2)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) findh interms of r
,

volume of container-35s
because there is no h Mr2h = 355 volumeof cylindea
in the equation we are n=

=Trah

trying to find.

find the cost of the base sides and top .

area of base (circle) : Mr

cost of base = 0
.
04 xhr

= 0 . 04Tr ?

area of curred side = 27rh = [r(3) = 10cost of curved side = 0
.04 0

28
.
4-

area of top (circle) = Mr
?

cost of top = 0
.

097Mr2
= 0

.09Mr
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

total cost = 0
.
04 tr2 + 204 + 0

.09Tr?

= 0 .
13 Mr2 + 24

b) To find a minimum (or maximum) ,
we have to differentiate.

Differentiate C with respect to r

C = 0 . 134r2 + 20 G +
= r

-

C = 0 .
13Mr2 + 28

. 4r
-

differentiate by bringing↓ the power down , and= 20 .BMr + -1x28
.
4r subtracting I from the power.

dC
ar

= 0
. 26hr-28

.
45-2

v.2 = 1
↓ r2

= 0 . 26 Mr-28 . 4

F2

to find the minimum ,
seta equal to O like if you

were trying to
find a stationary point on a graph .

: 0 .26-
0

. 26Mr3- 28. 4 = 0

0
. 26Mr3 = 28

.
4

r3 = 28.4
0

. 2611

r = 3
.

26 cm

2) To finda differentiate again.

& = 0
.
26tr-28 .4r2] differentiate by bringing down

the power,
and subtracting

& = 0
.
264 + 56

.
85 from the power.
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

sub in v = 3
.26 = 0 . 261 + 56 .

8x3 225

= 0
.
264 + 1

. 64

the second derivative -> = 2 . 5 (2st) 2
.
5) 0

is greater than 0.

A positive second derivative means that it is a minimum

d) subin r = 3 . 26 in C = 0
.
13Tr2 + 28.4,because we have found the

value of r already (3 .26) which gives the minimum
value of C in part b.

.

C = 0
.134(3 .26) +

2
= 4 .

34 + 8
.
71

= 13 .

C = 13p
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Question 12 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 12 is 12 marks)
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13.  In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable.

 (a) Show that

1

cosθ
 + tan θ ≡ 

cos

1 sin−
θ
θ

       θ ≠ (2n + 1)90°    n ∈ 
(3)

 Given that  cos 2x ≠ 0

 (b) solve for  0 < x < 90°

1

cos 2x  + tan 2x = 3 cos 2x

  giving your answers to one decimal place.
(5)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a)o

+to
↓ "too-in

I OsinO
- ↓

COSP COSP

= It Sind

COSO ↓multiplytop
andois

=
It sing (1-sind)
cosO(1-sino)

:
l-sin28
cosO(1-sinG) sin20 + cos20 = I

: cos2 ↓ I-sino = coso

cos0(1-sind) cost is common to

no
↓ the numerator and denominator.

3) Comparing the first and second set of equations ,
we see Q = 2x

: cos2 + ton2x = cos2x
= 3cos2x

1-sin2x

solve to find s ->
COS2x

=
320s2x

1 - sin 2x
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Question 13 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

cos2x = 3cos2x(l-sin2x)

commonfador Scos2x(l-sin(x) - cc c

↓
cos2x(3)1-since) - 1) = 0

cos2x (3-3sin2x-1) = 0

cos2x (2-3sin2x) = 0

Cos2x = 0 2- 3sin2x = 0

X 2 = 3sin2x
in the question Sin2x = 33

COS 2 x O

T
because the domain is 0790

,
but we are solving sin2 = 3

we convert the domain to 0 < 2x < 180

sin -

Sin2x = 43
---- 2x = 41

.
81 ... - x = 20 .

9
:

G
41 .

81 96 138 .
19 , 80

= 138
.
19 x = 69 .

18
↑

180- 41 . 81

Yuse the graph to helpfind the second value of 2

-

www.mymathscloud.com www.mymathscloud.com

https://goodnotes.com/


*P69201A04448*
44

 

 

����������

Question 13 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 13 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 13 is 8 marks)
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14. (i) A student states

“if x2 is greater than 9 then x must be greater than 3”

  Determine whether or not this statement is true, giving a reason for your answer.
(1)

 (ii) Prove that for all positive integers n,

n3 + 3n2 + 2n

  is divisible by 6
(3)

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

a) The statement is not true ,
because the square of negative numbers

below -3 is greater than 9.

ii) n3 + 3n2 + 2n
) take out common factor n

= n(n2 + 3n + 2)
↓ factorise the quadratic

= n(n + 2)(n + 1)
· n(n + 1)(n + 2)

thisthe product of 3

consecutive integers ,
so

it must include I number
which is amultiple of 3

and atleast I even number

As n(n + 1)(n+2) is a multiple of 2 and 3 ,
it must be a multiple of

6
,

so n3 + 3n + In is a multiple of 6.
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Question 14 continued
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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Question 14 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 14 is 4 marks)

TOTAL FOR PAPER IS 100 MARKS

www.mymathscloud.com www.mymathscloud.com

https://goodnotes.com/



