Year 10 Mathematics A Semester 1 Application Task
Volumes of Tanks




Name:  …………………………….
Problem
Retro Rainwater Holdings Pty. Ltd., otherwise know as: R2H, have a range of shapes for their water tanks. 

The first tank is called the Cube since all its sides are equal in length. 

The second tank is called RP is a rectangular prism; the dimensions can be custom made to suit the customer, but the length of the base is always twice the width. 

The third tank type is in the shape of a ball and is called the Sphere. 

The fourth tank type is in the shape of a cylinder and is called the Cylinder. 

A new experimental tank is in the shape of a cone. Some customers partially bury it; others use a stand to support it. 

All of the tanks have a capacity of 1000 litres. (1 Litre = 1000 cm3)
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Dimensions are to be calculated to the nearest 
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 of a centimetre.

Finding the Dimensions when the volume is 1000 litres

1. Calculate the dimensions of the Cube.

2. A customer orders the RP with a base of width 75 cm. Calculate the height of the tank.

3. Another RP order is for a tank to have a height of 200 cm. Calculate the dimensions of the base.

4. Calculate the radius of the Sphere.
5. The most popular of the rainwater tanks is the Cylinder with height 100 cm.

a. Calculate the radius of this Cylinder. 
b. Will this tank take up more or less space on the ground compared with the Cube? Explain your answer.
6. The Cone is the newest design in the series. If the cone is designed with the same base radius as the cylindrical tank in Q5, explain why it must be 300 cm high. 

Depth Gauge

Ben Netto, the owner of R2H, has received requests from a lot of his customers to have a gauge on the sides of the tanks to indicate the volume of water contained at various heights. 

7. Consider the standard Cube tank with capacity of 1000 litres. 

a. When the depth of water in the tank is 10 cm or 20 cm or 30 cm, calculate the volume of water in the tank in litres and complete the table below.

	Height of water (h cm)
	0 cm
	10 cm
	20 cm
	30 cm

	Volume ( W litres)
	
	
	
	


b. Should the marks on the volume gauge be placed at equal intervals on the side of the tank? Explain.

c. Write a formula to calculate the height of the water level in the tank, h, from the volume of water W inside.  Check your formula using the calculations from the above table. 

d. The volume gauge is to be marked in hundreds of litres. Write down the positions of the marks (0 litres, 100 litres, 200 litres, …., 1000 litres) on the sides of the tank. 
8. Ben’s partner Stork ordered a scale for a custom made RP tank. The scale shows 100 litre markings spaced 8cms apart. Unfortunately Stork forgot to write the customer’s name on the order form. Determine the dimensions of the tank.

9. Explain why the volume gauge for the Cone is a little harder to manufacture than the other gauges. 

10. The Cone tank has a dipstick to measure the level of water W in the tank. The dipstick measures the vertical height (h) of the water level in the tank.
Assume the Cone holds 1000 litres of water, and its height is 100 cm. 

a. If the height of the water level is only half way up the tank (i.e. h = 50 cm), show that the radius of the surface of the water is 
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 cm, correct to 3 decimal places.
b. If the height of the water level is 1/10 of the full level (i.e. h = 10 cm), what is the radius of the surface of the water?

c. Complete the table below for the volume and height of water level in the 1000 litre Cone tank.

	Height of water level   (h cm)
	0 cm
	10 cm
	20 cm
	30 cm
	40 cm

	Radius (cm)  of water surface 
	
	
	
	
	

	Volume of water (W litres)
	
	
	
	
	


d. If the height (h) of the water in the Cone is doubled, does the volume (W) double? Explain.

e. Write a rule relating the height (h) of the water level in the tank and the volume of water (W). 

f. Complete the table below to show where the 100 litre marks should be placed on the gauge.

	Volume of
 water (W)
	100 L
	200 L
	300 L
	400 L
	500 L
	600 L 
	700 L
	800 L
	900 L
	1000 L

	Depth of 
water  (h)
	
	
	
	
	
	
	
	
	
	100 cm


11. It is decided that the dipstick is too hard to use. Determine a rule for the scale on the side of the tank. (Remember it is on an angle).

A new Tank: the inverted Cone

12.  The 1000 litre Cone tank is too awkward to set up; instead it is inverted so that it is stable and no longer needs a support structure. 

a. Find the heights of the water level measured by dipstick, corresponding to the 100 litre marks for the inverted Cone and put them in the following table. 

	Volume of

 water (W)
	100 L
	200 L
	300 L
	400 L
	500 L
	600 L 
	700 L
	800 L
	900 L
	1000 L

	Depth of 

water  (h)
	
	
	
	
	
	
	
	
	
	100 cm


b. Find the heights of the water level measured along the side of the tank, corresponding to the 100 litre marks for the inverted Cone and put them in the following table. 

	Volume of

 water (W)
	100 L
	200 L
	300 L
	400 L
	500 L
	600 L 
	700 L
	800 L
	900 L
	1000 L

	Distance on 

Cone (d cm)
	
	
	
	
	
	
	
	
	
	100 cm


c. Find a rule for the scale on the outside of the new Cone tank.  This means that you need to give a formula that says how to find the distance (d) of the marks from the base (measured along the side of the cone) for a given volume of water (W) in the tank. 


Constructing the tanks
13.   In order to reduce the cost of constructing the tanks the astute management of R2H decide to produce only tanks in the shape that requires the least amount of sheet metal.  All tanks produced are to have a top, except of course the Sphere.
The nets of the range of tanks, except for the Sphere, that can be cut from the sheet metal are shown below.  The dotted lines indicate dimensions that have been left off the nets, write the pronumerals for these missing dimensions on the dotted lines.
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14.  The rules for finding the areas of the nets of each shape, that is the rules for their surface areas (S), are given in the table below.
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a.     Explain how the rule for the RP was obtained.
b.     Explain how the rule for the Cylinder was obtained.

c.     Explain how the rule for the Cone was obtained.

        (Hint:  the ratio of the area of the sector to the area of whole circle which contains it is the same as the ratio of the arc of the sector to the circumference of the whole circle.)

15.  Given that the capacity of all the tanks is to be 1000 L and that the height of all tanks, except the Sphere, is to be 100 cm, calculate the area of sheet metal needed to construct each type of tank.  Assuming that there is no wastage, which shape requires the least amount of sheet metal?
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