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When ﻿, ﻿ (y-intercept)

When ﻿ (θ-intercept)

Make sure to label the intercept points!!

period of   tan  graph = ​

b
π

period = ​ =
​2

1

π
2π

θ = 0 y = −3

y = 0,  θ = ​2
π

https://www.desmos.com/calculator/5jzzhf0rjr

https://www.desmos.com/calculator/5jzzhf0rjr
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﻿

﻿

﻿

﻿

﻿

In complete square form (i.e ﻿), when the bracket is equal to 0, we get our x-
coordinate for the stationary point.

﻿

﻿

Using part a,

﻿

﻿

﻿

﻿

﻿

﻿

﻿

Using log rules, we can change ﻿ into ﻿ which can be simplified to ﻿

﻿

﻿ and 

﻿

2(x +2
​) +2

5 3

= 2[(x + ​) −4
5 2 ( ​) ] +4

5 2 3

= 2(x + ​) −4
5 2 2( ​) +16

25 3

= 2(x + ​) −4
5 2

​ +8
25 3

= 2(x + ​) −4
5 2

​8
1

2(x + ​) −4
5 2

​8
1

x = − ​ →4
5

y = − ​8
1

Stationary point  = (− ​, − ​)4
5

8
1

2(x + ​) −4
5 2

​ <8
1

​8
15

2(x + ​) <4
5 2 2

(x + ​) <4
5 2 1

x + ​ <4
5 ±1

x < ±1 − ​4
5

−1 − ​ <4
5

x < 1 − ​4
5

− ​ <4
9

x < − ​4
1

​ lg(4b )2
1 2 lg(4b )2 ​2

1
lg(2b)

3 + 2 lg a− lg(2b)

3 = 3 lg 10 = lg 10 =3 lg 1000 2 lg a = lg a2

lg 1000 + lg a −2 lg 2b
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Using the log rules, we can combine these logs into one

﻿ leading to ﻿

Using change of base rule, we can change ﻿ into ﻿

﻿

Multiply both sides by ﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

Substitute y from line equation to curve equation

﻿

﻿

﻿

﻿

﻿

Sub these values in ﻿ to find the y-coordinates

﻿

﻿

lg ​2b
1000a2

lg ​b
500a2

log ​ 3c ​log ​ c3

1

2 × ​ =log ​ c3

1 7 + 4 log ​ c3

log ​ c3

2 = 7 log ​ c+3 4(log ​ c)3
2

Let x = log ​ c3

2 = 7x + 4x2

4x +2 7x − 2 = 0

(4x − 1)(x + 2) = 0

x = ​ or x =4
1 −2

log ​ c =3 ​ or  log ​ c =4
1

3 −2

c = (3)  or c =​4
1

3−2

c = 3  or c =​4
1

​9
1

x(3x − 11) = 4 − 3x − 2x2

3x −2 11x = 4 − 3x − 2x2

5x −2 8x − 4 = 0

(x − 2)(5x + 2) = 0

x = 2 or x = − ​5
2

y = 3x − 11

x = 2 → y = 3(2) − 11 = −5

x = − ​ →5
2

y = 3(− ​) −5
2 11 = − ​5

61

2 61



Cambright Solved Paper 4

Now, we have points A and B, ﻿ and ﻿

﻿

﻿

In perpendicular line, ﻿

To find the perpendicular bisector’s equation, we can use the point slope form

﻿

﻿

When ﻿

﻿

﻿

﻿

﻿

﻿

Therefore a = -1

﻿

﻿

﻿

Using part a,

﻿

﻿

(2,  −5) (− ​,  − ​)5
2

5
61

Midpoint AB = ( ​,  ​) =
2

2 − ​5
2

2

−5 − ​5
61

( ​,  − ​)5
4

5
43

Gradient AB = ​ =
run
rise

​ =
− ​ − 25

2
− ​ + 55

61
​ =

− ​5
12

− ​5
36

3

m ​m ​ =1 2 −1 → 3m ​ =2 −1 → m ​ =2 − ​3
1

y − (− ​) =5
43

− ​(x −3
1

​)5
4

y + ​ =5
43

− ​(x −3
1

​)5
4

y = −8,  x = a

−8 + ​ =5
43

− ​(x −3
1

​)5
4

​ =5
3 − ​(x −3

1
​)5

4

− ​ =5
9

x − ​5
4

− ​ +5
9

​ =5
4

x

x = −1

(x ) +2 10 10 C ​(x ) (− ​) +1
2 9

x2
4 10 C ​(x ) (− ​) +2

2 8
x2
4 2 ...

(x ) +20 10(x )(− ​) +18
x2
4

45(x )( ​) +16
x4
16 ...

x −20 40x +16 720x +12 ...

(x −20 40x +16 720x +12 ...)(x +4 4 + ​)
x4
4

x +24 4x +20 4x −16 40x −20 160x −16 160x +12 720x +16 ...

Collect terms
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﻿

﻿

﻿

Since we want to find the perimeter in terms of r, we have to find an expression for θ to use for 
the arc length.

﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

Minimum value will occur when ﻿

﻿

﻿

4x −16 160x +16 720x =16 564x16

Coefficient of x =16 564

Perimeter of minor sector = r + r + Arc length = 2r + rθ

Area = ​r θ2
1 2

25 = ​r θ2
1 2

r θ =2 50

θ = ​

r2
50

Perimeter of minor sector = 2r + rθ

Perimeter of minor sector = 2r + r ​r2
50

Perimeter of minor sector = 2r + ​r
50

P(Perimeter) = 2r + ​

r
50

=
dr
dP 2 − ​

r2
50

​ =
dr
dP 0

2 − ​ =
r2
50 0

2 = ​

r2
50
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﻿

﻿

﻿

Using the second derivative test

﻿

Since the second derivative is positive, r = 5 is a minimum value.

Now, we can find P when r = 5

﻿

﻿

First make a table of values for ln y and ln x

﻿ 0.405 0.693 0.916 1.099 1.386

﻿ 2.625 3.314 3.848 4.285 4.977

Now, plot the points and draw a straight line

r =2 25

r = 5

​ =
dr2
d P2

​

r3
100

r = 5 → ​ =
dr2
d P2

​ =53
100

​5
4

r = 5 → P = 2(5) + ​5
50

P = 10 + 10 = 20

lnx

lny
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﻿ is given

Taking the natural log of both sides,

﻿

Using log rules, we can separate the right hand side

﻿

﻿

Now, we have a straight line equation form and we can use our graph

﻿

﻿

On your graph, you should see that the y-intercept is around 1.5 to 1.7

We will take y-intercept = 1.6

﻿

﻿

﻿

https://www.desmos.com/calculator/jkbactzzof (Note, in desmos, I had to draw a graph with x and y instead of 
lnx and lny but the thought process remains the same)

y = Axb

ln y = ln(A× x )b

ln y = lnA+ ln xb

ln y = b ln x + lnA

Gradient b = ​ =1.386−0.405
4.977−2.625 2.398... = 2.4

y − intercept = lnA

lnA = 1.6

A = e1.6

A = 4.95... = 5

https://www.desmos.com/calculator/jkbactzzof
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﻿

﻿

﻿

﻿

﻿

(a) ﻿

(b) ﻿ (Go from X to A, then from A to Y)

﻿, so ﻿

Since Y is the midpoint of AB, ﻿

﻿

﻿

﻿

y = 5x2.4

y = 100 → 100 = 5x2.4

x =2.4 20

x = log ​ 202.4

x = 3.42

=AB −OB =OA b− a

=XY +XA AY

=OX ​a5
3 =XA ​a5

2

=AY ​2
1
AB

=XY ​a+5
2

​2
1
AB

=XY ​a+5
2

​(b−2
1

a)

=XY ​a+5
2

​b−2
1

​a2
1

=XY ​b−2
1

​a10
1
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﻿ (Start at X, go to Y, then to Z)

We already know ﻿ and ﻿ is given in question

﻿

﻿

﻿ (Start at X, go to O, then to B, then to Z)

﻿ , so ﻿, ﻿, ﻿

﻿

﻿

We have 2 expressions for ﻿ so we can compare the 2 of them

Let’s compare a 

﻿

=XZ +XY Y Z

XY =Y Z λXY

=XZ ​b−2
1

​a+10
1

λ( ​b−2
1

​a)10
1

=XZ (λ+ 1)( ​b−2
1

​a)10
1

=XZ +XO +OB BZ

=OX ​a5
3 =XO − ​a5

3 =OB b =BZ μb

=XZ − ​a+5
3

b+ μb

=XZ − ​a+5
3 (1 + μ)b

XZ

(λ+ 1)( ​b−2
1

​a) =10
1 − ​a+5

3 (1 + μ)b

(λ+ 1)(− ​a) =10
1 − ​a5

3

λ
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﻿

﻿

Comparing b,

﻿

﻿

﻿

﻿

﻿

﻿

﻿

﻿

Factor out ﻿

﻿

﻿

﻿

When ﻿

﻿

﻿

− ​ =10
λ+1

− ​5
3

λ+ 1 = 6

λ = 5

(λ+ 1)( ​b) =2
1 (1 + μ)b

(6)( ​b) =2
1 (1 + μ)b

3b = (1 + μ)b

3 = 1 + μ

μ = 2

s = (3t + 6)(t − 4)2

v = ​ =
dt
ds 3(t − 4) +2 (3t + 6)[2(t − 4) × 1]

v = 3(t − 4) +2 (6t + 12)(t − 4)

t − 4

v = (t − 4)[3(t − 4) + 6t + 12]

v = (t − 4)[3t − 12 + 6t + 12]

v = (t − 4)9t

v = 0,  (t − 4)9t = 0

9t = 0 or t − 4 = 0

t = 0 or t = 4
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Don’t forget your interception points!!

﻿

﻿

https://www.desmos.com/calculator/1lsjnga4br

https://www.desmos.com/calculator/vnvaslekyz

v = (t − 4)9t = 9t −2 36t

a = ​ =
dt
dv 18t − 36

https://www.desmos.com/calculator/1lsjnga4br
https://www.desmos.com/calculator/vnvaslekyz
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﻿

So, ﻿

Since ﻿,

﻿

﻿

Now back to the original equation and substituting our new values,

﻿

﻿

First, don’t forget to change your calculator to radians!!

Using part a,

﻿

﻿

﻿

https://www.desmos.com/calculator/gzw0k9cn0h

a −2 b =2 (a− b)(a+ b)

cos θ −4 sin θ =4 (cos θ −2 sin θ)(cos θ +2 2 sin θ)2

cos θ +2 sin θ =2 1

cos θ −4 sin θ =4 (cos θ −2 sin θ) ×2 1 = cos θ −2 sin θ2

sin θ =2 1 − cos θ2

cos θ −2 (1 − cos θ) +2 1

cos θ −2 1 + cos θ +2 1 = 2 cos θ2

2 cos ​ =2
3
ϕ

​2
1

cos ​ =2
3
ϕ

​4
1

cos ​ =3
ϕ

± ​2
1

https://www.desmos.com/calculator/gzw0k9cn0h
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Let ﻿

﻿

﻿

﻿

Now sketching the graph of ﻿ and using our calculator,

We get 4 solutions of ﻿

Substitute these values back into ﻿ and we get

﻿

x = ​, ϕ =3
ϕ

3x

−3π < ϕ < 3π

−3π < 3x < 3π

−π < x < π

cosx = ± ​2
1

https://www.desmos.com/calculator/3ppkb6jfy7

x = − ​,  − ​,  ​,  and  ​3
2π

3
π

3
π

3
2π

ϕ = 3x

ϕ = −2π,  −π,  π,  and 2π

https://www.desmos.com/calculator/3ppkb6jfy7


Additional notes

Websites and resources used:

● Desmos graphing calculator


