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3(i) Surface area of sphere = 4πr2 

 Exposed surface area of cylinder, S  = 2πrh + ½ (4πr2) 

      = 2πrh + 2πr2 (shown) 

 

  (ii)   Volume of sphere = 
4

3
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 Volume of toy = πr2h  −
1

2
(

4

 3
𝜋𝑟3) = πr2h− (

2

 3
𝜋𝑟3) 

 Since volume of toy is kept constant at 
1

3
 m3, we have  

   πr2 (h−
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3
𝑟) = 
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3
     =>  h = 
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3𝜋𝑟2 +
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𝑟  ---------- (*) 

 

 Sub (*) into S, we have S = 2πr( 
1

3𝜋𝑟2 +
2

3
𝑟) + 2πr2 

  

          = 
2

3𝑟
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 and  
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 At stationary value,   
dS
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4. Let the depth of water be h 

 

 Volume of water, V = 
1

3
𝜋𝑟2ℎ 

    = 
1

3
𝜋(ℎ tan 45̊ ℎ) =

1

3
𝜋ℎ3  

 and         
dv

dh
= πℎ2  

 

 After 3 minutes (180 seconds), volume of water running out  

   = 180 x 2 = 360 cm3  

      

 V = initial volume – volume running out 

     = 390 – 360 = 30 cm3 

 

 and thus  
1

3
𝜋ℎ3 = 30 

   ℎ3 =
90

𝜋
  ⇒ ℎ = (
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𝜋
)

1/3

 

  

         
dv
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dv

dh
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dh

dt
 

 

        2  = 𝜋 ⌊(
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𝜋
)
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  ∴        
dh

dt
  = 0.0680 cm/s 


