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3x −2 15x + 12 > 0

x −2 5x + 4 > 0

(x − 1)(x − 4) > 0

x < 1 or x > 4

3(x −2 4x) + 16

3[(x − 2) −2 2 ] +2 16

3(x − 2) −2 3(4) + 16

3(x − 2) −2 12 + 16

3(x − 2) +2 4
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Minimum point (stationary point) will occur when the bracket  , 
when that happens,  

So the answer is  

 

 

To find stationary points,  

 

 

 

 

 

 

 

(x − 2) =2 0
y = 4

y = 4

 =
dx
dy

64x +  8x3
−2

 =
dx
dy

64x −  4x3
1

 =
dx
dy

0

64x −  =4x3
1 0

64x =  4x3
1

x =4
 256

1

x = ±  4
1

x =  →4
1

y = 32(  ) +4
1 2

 →
8(  )4

1 2

1 2 + 2 = 4

x = −  →4
1

y = 32(−  ) +4
1 2

 →
8(−  )4

1 2

1 2 + 2 = 4

Stationary points: (0.25,  4),  (−0.25,  4)

d
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Since it is positive, this is a minimum point

 

Since this is also positive, this is also a minimum point

 

 

 

 =
dx
dy

64x −  4x3
1

 =
dx2
d y2

64 −  4x4
−3

 =
dx2
d y2

64 +  4x4
3

x = 0.25 →  =
dx2
d y2

64 +  →4(0.25)4
3

 =
dx2
d y2

64 + 192 → 256

x = −0.25 →  =dx2
d y2

64 +  →4(−0.25)4
3

 =dx2
d y2

64 + 192 → 256

Sub x = -3

−12 + 23(−3) + 3(−3) −2 2(−3)3

−12 − 69 + 27 + 54 = 0

∴ x + 3 is a factor
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Finding the 3 intersection points:

 

 

We already know x  3 is a factor, to find the other 2, we can use long division

 

 

Factorising  

Now, we have our 3 x-coordinates for the 3 intersection points: 

 

Finding respective y values:  

 

Midpoint AC   

Here we can see that B has the same coordinates as the midpoint of AC, so 
 

−5 + 33x + 3x −2 2x = 10x + 7

−12 + 23x + 3x −2 2x =3 0

            −2x +2 9x − 4

x + 3 )  −2x + 3x + 23x− 123 2
——————————————-

           −2x −3 6x2

                         9x + 23x2
              ——————————————-

                        9x +2 27x
                                 −4x− 12

              ——————————————-

                                −4x − 12
                                              0

              ——————————————-

−2x +2 9x − 4 → (−2x + 1)(x − 4)

x = −3,  x =

 ,  x =2
1 4

y = −23,  y = 12,  y = 47

∴ A(−3, −23), B(  , 12), C(4, 47)2
1

(  ,   ) →2
−3+4

2
−23+47

(  ,  12)2
1

B = Midpoint of AC
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Donʼt forget, calculator to radians mode!

 

 

 

 

 

 

 

 

 

 

 

 

Take log of both sides

Rate of change of y =  ,   =
dt
dy

dt
dy

 ×dx
dy

 dt
dx

 =
dt
dx 0.04

y = 3 → 2 + tan(1 − x) = 3

tan(1 − x) = 1

1 − x =  4
π

x = 1 −  4
π

 =
dx
dy

− sec (1 −2 x)

x = 1 −  →4
π

 =
dx
dy

− sec (1 −2 1 −  )4
π

 =
dx
dy

 →
cos (−  )2

4
π

−1
 =

dx
dy

−2

=
dt
dy

 ×
dx
dy

 

dt
dx

=
dt
dy

−2 × 0.04

=
dt
dy

−0.08
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This is the straight line form   so the graph of this function will also 
be a straight line

y-intercept   is 6 so

 

 

When T  14 and P  12,

 

 

 

 

 

 

lg P = lg(Ab )T

lg P = lgA+ lg bT

lg P = T lg b + lgA

y = mx + c

c

lgA = 6

A = 106

12 = 14 lg b + 6

14 lg b = 6

lg b =  7
3

b = 10  7
3

P  =1 100, 000, 000,  lg P  =1 8

P  =2 1, 000, 000, 000,  lg P  =2 9
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In the graph, at   we can see that   and at   
  (depending on how you measured the graph, this range is 

accepted).

So the length of time between   and   is  , which is around   to   
Do not answer with a range, simply write the value you got from your graph 
measurements.

 

 

Using part (i):

 

 

 

 

 

 

 

 

lg P  =1 8, T = 4.6 to 4.8 lg P  =2 9,
T = 6.8 to 7.2

P  1 P  2 T  −2 T  1 2.2 2.4

1 +5 C  
(1)(

 
) +1 7

x 5 C  
(1)(

 
) +2 7

x 2 ...

1 +  +7
5x

 +49
10x2

...

7[1 +n C1(1)(x) + ...](1 +  +7
5x

 +49
10x2

...)

= (7 + 7nx + ...)(1 +  +7
5x ...)

= 7 + 5x + 7nx + 5nx +2 ...

First 2 terms: 7 + 5x + 7nx

7 + 5x + 7nx = 7 + 89x

7nx = 84x

n = 12

(k − 2x) =8 k +8 8 C1(k) (−2x) +7 8 C2(k) (−2x) +6 2 8 C3(k) (−2x) +5 3 8

C4(k) (−2x) +4 4 ...
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Taking only what we need:

 

 

 

 

 

 

The coefficient of x is positive, so  

k must be negative for the coefficient to be positive

 

 

 

 

 

 

28(k) (−2x) =6 2 x  coefficient →2 112k6

70(k) (−2x) =4 4 x  coefficient →4 1120k4

 =
x  coefficient2
x  coefficient4

 =112k6
1120k4

 

k2
10

 =
k2
10

 8
5

k =2 10 ×  5
8

k =2 16

k = ±4

8(k) (−2) >7 0

∴ k = −4

f(x) = [3 + (4x − 2) ]5  2
1

f(x) = g(h(x))

h (x) =′ 5(4x − 2) ×4 4

g (x) =′
 h(x) ×2

1 −  2
1

h (x)′

∴ f (x) =′
 [3 +2

1 (4x − 2) ] ×5 −  2
1

5(4x − 2) ×4 4

4
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f (x) =′
 

 3+(4x−2)5

10(4x−2)4

 =
dx
dy

 

g2
gf −fg′ ′

f =′ 5

g =′ 3

 =
dx
dy

 (3x+2)2
(3x+2)(5)−(5x)(3)

 =
dx
dy

 (3x+2)2
15x+10−15x

 =
dx
dy

 (3x+2)2
10

y = 10 →  =3x+2
5x 10

5x = 30x + 20

−25x = 20

x = −  5
4

x = −  →5
4

 =
dx
dy

 

(3(−  )+2)5
4 2

10

=  

25
4

10

= 62.5

 ≈
δx
δy

 ,  δy =
dx
dy

0.01

δx ≈  ×dy
dx

δy

1
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Since  ,  

 

 

This can be written as,

 

 

 

Divide both sides by 6

 

 

Finding the curves coordinates

δx ≈  ×62.5
1 0.01

δx ≈  6250
1

 =
dx
dy

3x ln x +2 x ×3
 

x
1

 =
dx
dy

3x ln x +2 x2

 =
dx
dy

3x ln x +2 x2 3x ln x +∫ 2 x dx =2 x ln x +3 c

x +∫ 2 3x ln x dx =2 x ln x +3 c

x (1 +∫ 2 3 ln x) dx = x ln x +3 c

x (2 +∫ 2 3 ln x) − x  dx =2 x ln x +3 c

x (2 +∫ 2 3 ln x) dx = x ln x −3 x  dx +∫ 2 c

x (2 +∫ 2 3 ln x) dx = x ln x −3
 +3

x3
c

 (2 +∫ 6
x2

3 ln x) dx =  (x ln x −6
1 3

 +3
x3

c)

 (2 +∫ 6
x2

3 ln x) dx =  −6
x ln x3

 +18
x3

c

d
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Finding the gradient of the normal

 

 

 

Using the point slope formula

 

Since we know P is an x-intercept, y  0

 

 

 

Therefore coordinates of P is  

 =
dx
dy

− sin  ×4
x

 =4
1 −  sin  4

1
4
x

x =  →3
4π

y = cos  =
4

 3
4π

cos  =3
π 0.5

x =  →3
4π

 =
dx
dy

−  sin  4
1

4
 3

4π

 =
dx
dy

−  sin  =4
1

3
π −  8

 3

∴ m  =normal  

 3
8

y − 0.5 =  (x −
 3

8
 )3

4π

−0.5 =  (x −
 3

8
 )3

4π

−  =16
 3

x −  3
4π

x =  −3
4π

 16
 3

(  −3
4π

 ,  0)16
 3
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distance s = v dt∫

Total distance =  v dt∫ 0
k

13.4 =  e  dt +∫0
4

 4
t

   dt∫4
k

t2
16e

13.4 = [4e ]  + 4
t

0
4 [−  ]  

t
16e

4
k

13.4 = [4e − 4
4

4e ] +0 [−  ] −
k

16e
[− ]4

16e

13.4 = 4e − 4 + [−  +
k

16e 4e]

13.4 − 4e + 4 − 4e = −  

k
16e

17.4 − 8e = −  k
16e

k = 10
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First, the two expressions of  

 

  Go from O to C, then to D, then to E

  CDDB is 23, so CDCB is 25

 

  O to A, to E

 

  

 

 

OE

=OE λOD

=OE λ( +OC )CD

=CD  b5
2

=OE λ(c +  b)5
2

=OE +OA AE

=OE 2c + μAB

=AB +AC CB

=AB −c + b

=OE 2c + μ(−c + b)
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Now, compare the 2 expressions

 

Compare c

 

 

Compare b and sub  

 

 

 

 

 

Sub

 

 

 

If AE is 4 sevenths of AB, then EB must be 3 sevenths of AB

 

λ(c +  b) =5
2 2c + μ(−c + b)

λc = 2c − μc

λ = 2 − μ

λ

λ  b =5
2

μb

(2 − μ)  =5
2

μ

4 − 2μ = 5μ

7μ = 4

μ =  7
4

λ = 2 −  7
4

λ =  7
10

=AE  7
4
AB

∴ :AE =EB 4 : 3



Additional notes

Websites and resources used:

● Desmos graphing calculator


