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 Summary   

The conversion factor for area units is the square of the equivalent conversion factor 

for length units. The conversion factor for volume units is the cube of the equivalent 

conversion factor for length units. 

The volume of a pyramid or cone is 1/3 the volume of the enveloping cylinder, i.e. 
1/3 /4d2 h.  

The volume of a sphere is /6 times the volume of the enveloping cube, i.e. /6 d3. 

To find the surface area of a cylinder, imagine taking off the ends, then cutting down 

the remaining tube and laying it out flat. The surface area is then 2 × /4 d2 dh 

The surface of a cone is made up of the circular base and the sector top. The surface 

area is /4 d2 + /2 sd. 

The surface area of a sphere is /6 times the volume of the enveloping cube, i.e. d2.  

To approximate the volume of an irregular 3D shape, calculate the volume of the 

prism which will enclose it, estimate the fraction of the prism taken up by the shape 

and calculate that fraction of the volume of the prism. Or visualise a 3D shape whose 

volume can be calculated which is approximately the same size and calculate the 

volume of that. 

 

 Learn   

Converting between different units for area and volume  

Area 

Suppose we need to convert 5 m to centimetres.  All we need to know is how many 

centimetres in a metre, then whether to multiply or divide.  There are 100 cm in 1 m, 

so the conversion factor is 100, so we multiply or divide by 100.  Because centimetres 
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are smaller than metres, there will be more of them in 5 m, so we multiply.  

5  100 = 500.  So 5 m = 500 cm. 

Similarly, if we wanted to convert 5 m2 to square centimetres.  We need to know how 

many square centimetres in a square metre, and whether to multiply or divide. 

But there aren’t 100 square centimetres in a square metre. To work out how 

many, we can draw (or imagine) a square metre filled with square centimetres and see 

how many square centimetres it takes.  

 

 

 

 

 

 

 

When we picture it like this, it clearly takes more than 100. 100 one-square-

centimetres squares are shown in the picture and they nowhere near fill the square 

metre. It will take 100 one-centimetre squares to make a line of them along the top 

edge of the one-metre square. And it will take 100 such lines to fill the big square. So 

there are 100  100, i.e. 10 000 cm2 in 1 m2. The conversion factor is 10 000 which is 

1002. 

As square centimetres are smaller than square metres, there will be more of them, so 

we multiply 5 by 10 000 to get 50 000.  So 5 m2 = 50 000 cm2. 

To convert square kilometres to square metres, we think about how many square 

metres in a square kilometre. There will be 1000 in the first row along one edge and 

there will be 1000 rows, making 1 000 000 square metres altogether. The conversion 

factor is 1 000 000 which is 10002. 

For any conversion of area units, the conversion factor will be the square of the 

equivalent length conversion factor. The length conversion factor between millimetres 

and centimetres is 10, so the area conversion factor between square millimetres and 

square centimetres will be 102 = 100. 

One way to remember this is: If there are 100 centimetres in a metre, then there are 

100 squared square centimetres in a square metre. And likewise for other conversions. 

A very common mistake is to forget to square and to say there are 100 cm2 in 

1 m2. Don’t make that mistake! 
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Hectares 

A hectare is the area of a square 100 m by 100 m.  This is the area of 

two football fields.  A 100 m by 100 m square would have an area of 

100 100 m2, i.e. 10 000 m2.  So there are 10 000 m2 in 1 ha. 

A square kilometre is the area of a square 1000 m by 1000 m.  How 

many 100 m by 100 m squares would it take to cover the 1000 m by 

1000 m square?  There would be 10 rows of 10, therefore 100.  So 

there are 100 ha in 1 km2. 

So, the conversion factor between square metres and hectares is 10 000.  The 

conversion factor between hectares and square kilometres is 100. 

Volume 

To convert 5000 cubic centimetres to cubic metres, we have to know how many cubic 

centimetres in a cubic metre.  Imagine getting a 1 m3 box and filling it with centimetre 

cubes.  There will be 10 000 on the bottom layer (100 rows of 100) and 100 layers, so 

there will be a total of 1 000 000.  As cubic metres are bigger than cubic centimetres, 

there will be less of them, so we divide by 1 000 000.  The conversion factor is 

1 000 000, which is 1003. So 5000 cm3 = 0.005 m3. 

In the same way, there would be 1 000 000 000 cubic millimetres in a cubic metre. The 

conversion factor here is 1 000 000 000, which is 10003. 

For any conversion of volume units, the conversion factor will be the cube of the 

equivalent length conversion factor. The length conversion factor between millimetres 

and centimetres is 10, so the volume conversion factor between cubic millimetres and 

cubic centimetres will be 103 = 1000. 

If there are 100 centimetres in a metre, then there are 100 squared square 

centimetres in a square metre and 100 cubed cubic centimetres in a cubic 

metre.  

Remembering that a millilitre is the same thing as a cubic centimetre, you are now 

able to convert between any metric volume units – mm3, cm3, m3, km3, mL, L, kL ML 

etc. 

 

Practice 

Q1 (a)  Explain why there are more than 100 cm2 in a square metre. 

 (b)  Explain why there are 1 000 000 000 m3 in 1 km3. 
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Q2 Copy and complete the following table. 

 

cm2 m2 ha km2 

 4   

  5  

80 000    

   0.002 

 680   

  0.039  

500    

   3 

 

Q3 Copy and complete the following table. 

 

L mL cm3 m3 

5    

   2 

  400 000  

 20   

6 000    

   0.000 004 

  300  

 10 000 000 000   
 

 

Volumes of pyramids, cones and spheres 

Pyramids and cones 

Volumes of pyramids and cones are quite easy.  Imagine the pyramid or cone fitting 

snugly inside a prism or cylinder. 

 

 

 

 

The volume of the pyramid or cone is always exactly 1/3 the volume of the prism or 

cylinder.  Thus Volume = 1/3 base area × height.  
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Spheres 

Imagine a sphere tightly enclosed in a cube. 

Just like the area of a circle is always ¾ that of the enclosing 

square, the volume of a sphere is always ½ that of the 

enclosing cube.  Think of it as being 3/6 of that of the cube. 

And just like the ¾ was only approximate for a circle (it is 

actually /4), the 3/6 is only approximate for a sphere (it is 

actually /6). 

So if a sphere has a diameter of d, then the cube has a volume of d3 and the sphere has 

a volume of /6d3. 

 

Practice 

Q4 Find the volume of each of the following shapes. 

(a)  square-base pyramid   (b)  cone 

 

 

 

 

 

 

(c)  sphere with diameter 20 cm  (d)  hemisphere with radius 3 m 

 

 

 

 

 

Q5 Find the volume of a cylindrical gas container with hemispherical ends, 

diameter 2 m, total length 10 m. 

Q6 Find the volume of this building.         

 

      Base: 5 m by 7 m 

           Walls: 4 m high 

          Apex 6 m above the ground 

 

20 cm 

20 cm 

15 cm 
12 cm 

15 cm 
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Q7 Find the volume of a round pencil 1 cm in diameter, 15 cm long, 

flat on one end, with the other end sharpened back 1.4 cm.    

Surface areas of cylinders, cones and spheres 

Cylinders 

A cylinders consists of 3 faces – top, bottom and side.  The top and 

bottom are circles, so they are easy: both /4d2.   

The side is round, but imagine the cylinder is a tin of dog meat.  

Take off the top and bottom with a tin opener. This will leave the 

side, shaped as a tube. Cut the tube from top to bottom and lay it 

out into a rectangle.  The width of the rectangle is the same as the 

circumference of the top of the cylinder, i.e. d. The height of the 

rectangle is h. So its area is dh. 

So the surface area is 2 × /4d2 dh. 

You don’t really need to remember this formula and long as you can picture the 

cylinder being cut into three pieces and work out the area of each piece. 

Cones 

The surface of a cone is made up of two parts, the base and 

the side.  

The area of the base is /4d2.  The side is actually a sector of a 

circle rolled up into a funnel shape. If you can’t see this, cut a 

sector out of paper and roll it up to make a funnel. 

The round edge of the sector is the same length as the 

circumference of the base, i.e. d. The radius of the sector is 

the same as the slant length of the cone, s.  

 

The area of this sector is the area of the whole circle with 

radius s multiplied by the fraction of the circle used, i.e. 
𝜋

4
(2s)2 × 

𝜋𝑑

2𝜋𝑠
 , which simplifies to /2sd.  

So the total surface area is /4d2 + /2sd. 

d 

h 

d 

s 

s d 
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Of course, this formula assumes you know the slant 

height. If, instead, you know the vertical height, use 

Pythagoras to get the slant height. 

s2 = h2 + (½d)2 

 

Spheres 

Again, imagine the sphere tightly enclosed in a cube. 

Just as the volume of the sphere is /6 times that of the cube, the 

surface area of the sphere is /6 times that of the cube.   

So, if the sphere has a diameter of d, then the cube has a surface 

area of 6d2 and the sphere has a surface area of 6d2  /6. This 

d2. 

 

You might have noticed a pattern here: the circumference and area of a circle are both 
/4 times that of the enclosing square; the surface area and volume of a sphere are both 
/6 times that of the enclosing cube. 

 

 

 

 

 

Practice 

Q8 Find the surface area of each of the following shapes. 

(a) a cylinder with diameter 10 cm and height 20 cm 

(b) a disk with diameter 12 cm and thickness 1 mm 

(c) a sphere of diameter 3 m 

(d) a sphere with radius 20 cm 

(e) a hemisphere (half a sphere) with radius 45 cm 

(f) a disk with diameter 20 cm, thickness 3 cm and a 4 cm-diameter hole 

through the middle. 

 

 

 

d 

d 

s 
h 
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(g) a cone with base diameter 10 cm and slant height 12 cm 

(h) a cone with base radius 4 cm and slant height 5 cm 

(i) a cone with base diameter 10 cm and vertical height 12 cm  

Round things – Summary  

Below is a summary of the formulae for areas and volumes of round things. Note they 

 

In terms of d Circle Cylinder Cone Sphere 

Circumference d    

Area /4d2    

Surface area  2 × /4d2 dh /4d2 + /2sd. d2 

Volume  /4d2 × h 1/3 × /4d2 × h /6d3 

In terms of the radius 

Those formulae are all in terms of the diameter, d. This is the way we have developed 

them and in general it is easy to see where they come from that way. 

However, many people like to use the formulae in terms of the radius, r. These can be 

derived from the formulae in terms of d simply by substituting 2r for d and simplifying 

if necessary. The formulae in terms of r are presented below. You can please yourself 

which ones to remember. You can even remember some in terms of d and others in 

terms of r if you wish. 

In terms of r Circle Cylinder Cone Sphere 

Circumference 2 r    

Area r2    

Surface area  2 × r 2 + 2 rh r2 + rs 4 r2 

Volume  r2 × h 1/3 r 2 × h 4/3 r3 

 

Practice 

Q9 Copy the table above with the header row and column, then write in the 

formulae from memory. Repeat this until you have instant recall of each one. 

Please yourself whether you write the formulae in terms of diameter or radius. 

You can mix them up if you wish. 
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Approximating volumes of irregular 3D shapes  

Just as we can approximate the area of a 2D shape by fitting a rectangle around it, 

calculating the area of the rectangle, then approximating the fraction of the rectangle 

taken up by the shape, we can approximate the volume of any 3D shape by imagining 

a rectangular prism around it, calculating the volume of the prism and estimating the 

fraction of the prism taken up by the shape. 

Of course, you can’t draw the shape properly on paper and so you can’t draw the prism 

around it; you have to imagine it in your head, then estimate the length, width and 

height, then estimate the fraction taken up by the shape. Because of this, results for 

3D shapes tend to be much rougher than those for 2D shapes. 

Sometimes it can be better to use a shape other than a rectangular prism. For 

instance, for a pile of rice, you might use a cone. 

 

Practice 

Q10 For each of these objects estimate: 

 (i)    the dimensions of the surrounding rectangular  prism (or other shape) 

 (ii)   the fraction of the prism that would be taken up by the object 

 (iii)  the volume of the object 

 Use other things in the pictures for scale where necessary. 

(a)  The pear   (b)  The armchair 

 

 

 

 (c)  The woman   (d)  The bag of fertiliser 

 

 

 

 (e)  The pressed leaf  (f)  The train 
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A variation on this method is to imagine a rectangular prism (or other shape) which is 

the same volume as the object you want to estimate the volume of. In places there will 

be space inside the rectangular prism; in other places the object will poke out from the 

prism. 

 

 Solve   

Q51 In the imperial measurement system, a foot is 12 inches, a yard is 3 feet and a 

mile is 1760 yards. How many square inches in a square mile? 

Q52 A light year is the distance light can travel in a year at 3 × 108 m/s. How many 

cubic metres in a cubic light year?  

Q53 This stand is in the shape of a cut-off cone. The top diameter is 8 cm; the bottom 

diameter is 10 cm and the vertical height is 5 cm. Find its volume and its 

surface area. 

 

 

 

Q54 A 1 m by 1 m by 1 m cube is made up of six identical square-based pyramids, 

each face of the cube being the base of one of the pyramids and with the apices 

(plural of apex) of all the pyramids at the centre of the cube. Find the volume 

and surface area of one of these pyramids. 

Q55 The Earth has a diameter of 12 740 km and a mass of 5.972 × 10
21

 tonnes. Find 

its average density in g/cm3. 

 

 Revise   

Revision Set 1 

Q61 Copy and complete the following tables. 

cm2 m2 ha km2 

 200   

  0.1  

200 000 000    

   0.000 025 
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L mL cm3 m3 

200    

   0.004 

  5 000  

 20 000   

Q62 Find the volume and surface area of a cylindrical silo with diameter 2 m and 

height 8.5 m. 

Q63 Find the volume and surface area of a square-based pyramid with base 20 m by 

20 m and vertical height 12 m. 

Q64 Find the volume and surface area of a cone if the base has a diameter of 6 cm 

and the vertical height is 10 cm. 

Q65 Find the volume and surface area of a spherical cricket ball 9 cm in diameter. 

Q66 Model a car with an enveloping rectangular prism and hence estimate its 

volume. 

 

 Answers   

Q1   See the text 

Q2   
cm2 m2 ha km2 

40 000 4 0.000 4 0.000 004 

500 000 000 50 000 5 0.05 

80 000 8 0.000 8 0.000 008 

20 000 000 2 000 0.2 0.002 

6 800 000 680 0.068 0.000 68 

3 900 000 390 0.039 0.000 39 

500 0.05 0.000 005 0.000 000 05 

30 000 000 000 3 000 000 300 3 

Q3  

L mL cm3 m3 

5 5 000 5 000 0.005 

2 000 2 000 000 2 000 000 2 

400 400 000 400 000 0.4 

0.02 20 20 0.000 02 

6 000 6 000 000 6 000 000 6 

0.004 4 4 0.000 004 

0.3 300 300 0.000 3 

10 000 000 10 000 000 000 10 000 000 000 10 000 
 

Q4  (a)  2 000 cm3  (b)  707 cm3  (c)  4189 cm3  (d)  56.5 m3 

Q5 23.0 m3   

Q6 163 m3 

Q7 11.05 cm3     

Q8 (a)  785 cm2  (b)  28.3 m2  (c)  230 cm2   (d)  5027 cm2 

 (e)  19 085 cm2  (f)   829 cm2  (g)  267 cm2  (h)  113 cm2 
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 (i)   283 cm2 

Q10 Just check that you are in the right ball park. 

(a) 6 cm × 6 cm × 6 cm,  0.5,  100 cm3 

(b) 1 m × 1.2 m × 1.2 m, 0.4, 0.6 m3 

(c) 1.7 m × 0.4 m × 0.3 m, 0.3, 0.06 m3 

(d) 0.7 m × 0.5 m × 0.3 m, 0.8, 0.08 m3 

(e) 15 cm × 15 cm × 0.05 cm, 0.7, 8 cm3 

(f) 200 m × 3 m × 4 m, 0.8, 2000 m3 

 

Q51 4 014 489 600 

Q52 8.5 × 10
47

 

Q53 319 cm3 

Q54 Volume = 1/6 m3,  surface area = 2.41 m2 

Q55 5.516 

 

Q61  

cm2 m2 ha km2 

2 000 000 200 0.02 0.0002 

10 000 000 1000 0.1 0.001 

200 000 000 20 000 2 0.02 

250 000 25 0.0025 0.000 025 

 

L mL cm3 m3 

200 200 000 200 000 0.2 

4 4 000 4 000 0.004 

5 5 000 5 000 0.005 

20 20 000 20 000 0.02 

Q62 Volume = 26.7 m3, surface area = 59.7 m2 

Q63 Volume = 1600 m3, surface area = 1025 m2 

Q64 Volume = 94.2 cm3, surface area = 77.5 cm2 

Q65 Volume – 382 cm3, surface area = 254 cm2 

Q66 Prism about 4.5 m by 1.5 m by 1.5 m, fraction occupied 0.5, volume about 5 m3. 

 

 

 

 


