Mathematical Methods Unit One Analysis Task

Triangular chocolate

The volume of a prism is given by the area of the triangular cross section multiplied by the length


1. A chocolate box is in the shape of a triangular prism, as shown above. The width of the triangular base of the chocolate box is 2x, the height of the triangle is 3 – x, and the length is x + 16. All measurements are in cm.

a) Copy the diagram above and include the dimensions in your diagram 



[1 mark]

b) Give the domain of the function and explain why restrictions on x exist


[2 marks]

c) Show that the volume of the chocolate box is given by V = x (3 - x)(x+16)


[2 marks]

d) Find the volume of the chocolate box when x = 1.5 cm




[2 marks]

e) Find the volume of the box when the length of the box is 18cm.



[2 marks]

f) For the Volume function determined above, find each of the following. (Show all working)

(i) The intercepts and coordinates of all stationary points. 



[4 marks]

(ii) Include a sign diagram to show the nature of each of the stationary points.

[1 mark]

(iii) The domain and range of the function





[2 marks]









(g) Sketch the function annotating your graph to show the key features above.

[3 marks]

h) If the chocolate box is to contain 25 cubic centimeters of chocolate, find using your graphics calculator, the dimensions (length, width and height) of the box, correct to one decimal place.



[2 marks]

2. Instead of the chocolate box being a triangular prism, the company decided to investigate cylindrical packaging with the dimensions of the cylinder shown below: (All measurements are in cm’s).






a) Find an expression for the volume of the cylinder 




[1 mark]

b) Determine the domain of the function






[1 mark]

c) Find the volume of the cylinder when the radius of the base is 2 cm 


[2 marks]

d) Find the value of r for which the volume of the cylinder is a maximum. Show that this is gives a maximum value by using a sign diagram.





[3 marks]

e) Find the maximum volume of the cylinder.





[2 marks]

f) For the Volume function determined above, find each of the following. (Show all working)

(i) The intercepts and coordinates of all stationary points. 



[4 marks]

(ii) Include a sign diagram to show the nature of each of the stationary points.

[1 mark]

(iii) The domain and range of the function





[2 marks]

(g) Sketch the function annotating your graph to show the key features above.


[3 marks]

[4 marks]

Sketch the graph of the volume function noting all relevant features.

(i) y intercept

(ii) x intercepts

(iii) coordinates of the turning point

(iv) the range of the function

[4 marks]

4. 

Let x represent a side length. If the base of the triangle is twice x; the height of the triangle is 1 more than x and the depth of the prism is 16 more than x.

1
a
Represent this on the diagram above.


b
Show that the volume of the chocolate box in terms of x is V = x (x + 1)(x + 16)


c
Find the volume of the chocolate box when x = 1.5 cm.


d
Find the volume of the chocolate box when the length of the box is 18 cm.

2
a
Selecting an appropriate domain sketch, showing all-working out, the graph of volume versus side length. You must make sure that all key points are labeled.


b
State the domain and range of your graph.


c
Explain the key features of the graph in relation to the problem.

3 If the chocolate box is to contain 250 mL of chocolate, find the dimensions (length, width and height) of the chocolate box, stating all answers correct to one decimal place.

4
a
Find an expression for the area of each of the sides/faces of the box in terms of  x.  Show that the total surface area of the chocolate box can be given by: 
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b
Find the total surface area, correct to two decimal places, when:




i
x = 2
ii
x = 4


c
Find the dimensions of the chocolate box that has a total surface area of 328 cm2.


d
Over an appropriate domain, sketch the graph of SA verses x. Comment on the key features of this graph and hence make comparisons between volume of SA of the triangular chocolate.

5
Find the volume of a chocolate box that has a total surface area of 162 cm2.

6
Instead of the chocolate box being triangular assume that there was a choice of a circular one. The dimensions of the box are given in the diagram below.

Make comparisons between the volume of the triangular and the circular boxes. You may wish to draw a graph with the two so that comparisons may be made. Comment on your findings. 



















r





4 - r
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