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a 

The diagram shows a conical soap dispenser of radius  

5 cm and height 20 cm. At any time t seconds, the top 

surface of the soap in the container is a circle of radius  

r cm and its height is h cm.  

The volume of the soap is given by v = 
3

1
 r2h. 

(i) Explain why r = 
4

h
. 

(ii) Show that 
dh

dv
 = 

16


h2. 

 

The dispenser has a leak which causes soap to drip from 

the dispenser. The area of the circle formed by the top 

surface of the soap is decreasing at a constant rate of 

0.04 cm2s–1. 

(iii) Show that 
dt

dh
 = 

h

32.0
.  
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 (iv) What is the rate of change of the volume of the soap, with respect to time, 

 when h = 10? 

2 
  

 

(i)  Using matching sides of similar triangles:  

     
5

r
 = 

20

h
 

      r  = 
4

h
 

 

 

 

(ii) v = 
3

1
 r2h 

  = 
3

1
 (

4

h
)2h 

     v = 
48

3h
 

   
dh

dv
 = 

16


h2 

 

(iii)     
dt

dA
 = 

dh

dA
 × 

dt

dh
        A  =  r2 

     =  (
4

h
)2 

     = 
16

2h
 

        
dh

dA
 = 

8


h 

 –0.04 = 
8


h × 

dt

dh
 

              
dt

dh
  = –0.04 ÷ 

8


h 

  = 
h

32.0
 

(iv)         
dt

dV
 = 

dh

dV
 × 

dt

dh
 

  = 
16


(10)2 × 

)10(

32.0




 

  = –0.2 

 the volume is decreasing at 0.2 cm3s–1. 

 

 

* These solutions have been provided by projectmaths and are not supplied or endorsed by BOSTES. 

 

 

BOSTES: Notes from the Marking Centre 

 

State Mean: 

1.42 
 

r 

5 

20 

h 

State Mean: 

0.76 
 

State Mean: 

1.13 
 

State Mean: 

0.74 
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