
 

𝑑𝑥

𝑑𝜃
= 3 sec2 𝜃  

𝑑𝑦

𝑑𝜃
= −8 cos 𝜃 sin 𝜃 𝑑𝑥 = 3 sec2 𝜃𝑑𝜃 

𝑑𝑦

𝑑𝑥
= −

8

3
cos3 𝜃 sin 𝜃 

At 𝑃  3 = 3 tan 𝜃 ⇒ tan 𝜃 = 1 ⇒ 𝜃 =
𝜋

4
  so 

𝑑𝑦

𝑑𝑥
= −

8

3
(cos

𝜋

4
)

3
sin

𝜋

4
= −

2

3
  

The gradient of the normal is 
3

2
 and the equation of the normal is 𝑦 − 2 =

3

2
(𝑥 − 3). 

At 𝑄, 𝑦 = 0 so −2 =
3

2
(𝑥 − 3) ⇒ −

4

3
+ 3 = 𝑥 ⇒ 𝑥 =

5

3
 

The required volume is 𝜋 ∫ 𝑦2𝑑𝑥 −
3

0
volume of cone.  

When 𝑥 = 0, 𝜃 = 0 and when 𝑥 = 3, 𝜃 =
𝜋

4
 

For the cone ℎ = 3 −
5

3
=

4

3
  and 𝑟 = 2.  The volume of the cone is 

1

3
× 𝜋 × 22 ×

4

3
=

16𝜋
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𝑉 = 𝜋 ∫(4 cos2 𝜃)23 sec2 𝜃𝑑𝜃 −
16𝜋

9

𝜋
4

0

 = 48𝜋 ∫ cos2 𝜃  dθ 

𝜋
4

0

−
16𝜋

9
 

= 24𝜋 ∫ (cos 2𝜃 + 1)𝑑𝜃 −
16𝜋

9

𝜋

4
0

 = 24𝜋 [
1

2
sin 2𝜃 + 𝜃]

𝜋

4

0

−
16𝜋

9
= 24𝜋 (

1

2
+

𝜋

4
) −

16𝜋

9
  

= 12𝜋 + 6𝜋2 −
16𝜋

9
 =

92

9
𝜋 + 6𝜋2 


