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A bank has a bonus saver at 5.25% p.a.
[image: A screen shot of the rates of the RACQ bank bonus saver.]
Figure 1 – graph of $10 000 compounding at 5.25% p.a.
[image: The line y=10000(1.0525)^x. The y-axis is the amount in dollars up to 50000 and the x-axis is the time in years up to 25 years. The point (13.6, 20000) is marked. ]
The investment doubles at around 13.6 years.
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I would trust the rule of 72 to predict when my investment of $10 000 would double at 5.25% p.a. The compound interest formula using this rate showed that my investment did double in this time. The number was also very close to the value I read off my graph to indicate how long it takes to double.
A range of rates have been tested in the following table.
	Interest rate ()
	Rule of 72
	Compound interest

	5%
	
	

	6%
	
	

	7%
	
	

	8%
	
	

	9%
	
	

	10%
	
	


The table contains calculations using the compound interest formula for an initial investment of $10 000 and interest rates from 5% to 10%.
An investment at 5% compounded annually will take approximately 14.4 years to double. The percentages from 5−10% showed that the value does double in this time confirming that the rule of 72 is accurate enough to base decisions on.

Figure 2 – graph of $10 000 compounding at various interest rates
[image: Multiple exponential graphs for compound interest of 10000 invested between 5 to 10 percent.]
I have graphed the investments to show where each compound interest formula intersects with the value of $20 000. I found you could use the rule of 72 for each of these interest rates but as I got higher interest rates, I noted that the amount was not quite double.
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	Rule of 72
	Monthly rate
	Time periods
	Compound interest

	

	
	
	


There is a difference of $513.62 for when it doubles, because this is monthly I’d want it to be closer than that.
Figure 3 – graph of $10 000 compounding monthly
[image: Graph of y=20000 and y=10000(1+0.05/12)^x and where they intersect.]


As seen on the graph, it actually doubles at 166.7 months which is about 13.9 years. Using the rule of 72 makes me keep my investment for nearly an extra 6 months.
	Rule of 72
	Weekly rate
	Time periods
	Compound interest

	
	
	
	


There is a difference of $537 for when it doubles, because this is weekly I’d want it to be closer than that.
Figure 4 – graph of $10 000 compounding weekly
[image: Graph of y=20000 and y=10000(1+0.05/52)^x and where they intersect.]
The graph shows my investment doubles at 721.22 months which is about 13.8 years, making me leave my money in there for half a year longer than I need to.
I am now going to test if the rule of 72 works for different compounding periods. I will test the interest rate of 7.85% which was found to be the most accurate for the rule of 72. I will divide the compounding periods in 2 for bi-annually, 12 for monthly and 365 for daily. 
	5%
	Rule of 72
	Compound interest test

	Annually

	
	

	Bi-annually

	
	

	Monthly

	
	

	Weekly

	
	

	Daily

	
	


My calculations indicate that 72 is less accurate as the compounding period increases. I think this is because more interest is added more regularly.
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1. I calculated the rule of 72 to find the time an asset would halve and used the depreciation formula to find the amount it would be at that time. I found that it was close to half. I don’t think close to is accurate enough, so I don’t think the rule of 72 works for values halving.
	Interest rate ()
	Rule of 72
	Depreciation

	5%
	
	

	6%
	
	

	7%
	
	

	8%
	
	

	9%
	
	

	10%
	
	


1. I have graphed the depreciation using a number of different rates. The -intercept for each graph remains the same at 10 000. This is because the -value is zero and any rate to the power of zero is one. The graph for depreciation goes down rather than up and will get closer and closer to zero as  gets bigger, as shown by the asymptote that would be created at . This is because of the minus sign in the equation. This makes the bracket that is raised to a power less than one, meaning that the decimal or fraction becomes smaller with each power.
Figure 5 – graph of $10 000 depreciated at different interest rates
[image: Graphs of the depreciation of an asset of $10 000 at 5%-10% p.a. using the formula y=10 000(1-r)^x. ]In the context of money, any values of the graph less than zero do not make sense. Also, depending on the asset they could eventually increase again, such as a vintage trading card or vintage car. It also doesn’t cater for breaking of the asset or wear and tear which may make it worth less value.
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I used the graph that I made in part 2 to see when an investment of $10 000 would triple to $30 000.
Figure 6 – graph of $10 000 compounded at various interest rates and y = 30 000
[image: Multiple exponential graphs for compound interest of 10000 invested between 5 to 10 percent.]
The values were as shown in the table below:
	Interest rate ()
	5%
	6%
	7%
	8%
	9%
	10%

	Years taken to triple ()
	22.5
	18.9
	16.2
	14.3
	12.7
	11.5


I multiplied each of the rates by the number of years to see if I got similar numbers.
	Interest rate ()
	5%
	6%
	7%
	8%
	9%
	10%

	Years taken to triple ()
	22.5
	18.9
	16.2
	14.3
	12.7
	11.5

	
	112.5
	113.4
	113.4
	114.4
	114.3
	115


All of these numbers were between 112.5 and 115 so I will use 114 for my rule.
Rule of 114: Time taken to triple 
This would work between 5% and 10% very accurately.
As you can see from the table, for the values of 5% and 10% this number seems to vary more to be too high or too low. When we put it in the compound interest formula we find:


Each of these give us values that still pretty much triple and are out by less than $1000.
Because of this I created the following table that shows the rule of 114 for rates is less than 5% and greater than 10% using Microsoft Excel.
I decided the barrier when the amount is inaccurate is over $500 as this is 5% of the original amount invested.
	Rate
	Rule of 114
	Future value

	4
	28.5
	30580.89

	4.1
	27.804878
	30564.36

	4.2
	27.1428571
	30547.87

	4.3
	26.5116279
	30531.40

	4.4
	25.9090909
	30514.96

	4.5
	25.3333333
	30498.56

	4.6
	24.7826087
	30482.18

	4.7
	24.2553191
	30465.83

	4.8
	23.75
	30449.52

	4.9
	23.2653061
	30433.23

	5
	22.8
	30416.97


For the lower bound it is 4.5% before it reaches an amount that is more than $500 off the tripling amount.
	Rate
	Rule of 114
	Future value

	10
	11.4
	29639.89

	10.1
	11.2871287
	29625.03

	10.2
	11.1764706
	29610.20

	10.3
	11.0679612
	29595.39

	10.4
	10.9615385
	29580.61

	10.5
	10.8571429
	29565.85

	10.6
	10.754717
	29551.12

	10.7
	10.6542056
	29536.41

	10.8
	10.5555556
	29521.73

	10.9
	10.4587156
	29507.08

	11
	10.3636364
	29492.45


For the higher bound we could use the rule of 114 up until 10.9% to get within $500 of when it triples.
This rule should work for different investment amounts as when you change the number of the initial value it should still triple at the same time, as the 10 000 is just a value out the front and not affected by the power. The only limits are in the rates themselves as they are affected by the power. This again would also change if there were compounding periods, as the rate for the compounding period would be lower, as explained in Part 3. If that was the case we would have to use a different rule.
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Table 1 – assessment marking guidelines
	Outcomes
	Working towards developing
	Developing
	Developed
	Well developed
	Justification

	Financial mathematics
	
	
	
	
	

	MAO-WM-01
MA5-FIN-C-02
Parts 2 and 4
	Substitutes some correct values into a formula.
	Substitutes correctly into the formulas to justify at least one interest rate.
	Substitutes correctly into the formulas to justify a variety of interest rates.
	
	The student correctly substituted into the compound interest formula, depreciation formula and rule of 72 for multiple rates.

	MAO-WM-01
MA5-FIN-C-02
Part 3
	Changes the interest rate or time period to test changing compounding periods.
	Changes the interest rate and time period to test changing compounding periods.
	Explains the effects that changing the compounding period has on the future value of an investment.
	Justifies the accuracy of the rule of 72 when compounding periods are changed.
	The student changed the rate and time period and stated they think interest is added more regularly but failed to explain the effect that had on the future value.

	Non-linear relationships
	
	
	
	
	

	MAO-WM-01
MA5-NLI-C-01
MA5-NLI-C-02 
Parts 1−4
	Creates a graph of an investment with or without technology.
	Creates a graph of an investment and uses the graph to identify when an investment would double, or an asset would halve in value.
	
	
	Student showed their ability to create an exponential graph and interpret it.

	MAO-WM-01
MA5-NLI-C-01
MA5-NLI-C-02
Part 4
	Describes one feature of an exponential graph.
	Describes all the relevant features of an exponential graph.
	Describes all relevant features of an exponential graph and explains the limitations of the graphs.
	Describes all relevant features of an exponential graph, limitations and links the shape of the graph to the equation to justify changes.
	Student listed all relevant features of the graphs provided. They highlighted limitations in context and explained how the minus in the equation led to a decimal which would make the graph decrease rather than increase.

	Working mathematically
	
	
	
	
	

	MAO-WM-01
Parts 1−5
	Attempts to use informal mathematical reasoning and very limited mathematical language to communicate and explain solutions.
	Uses informal mathematical reasoning and limited mathematical language to communicate and explain solutions.
	Uses appropriate formal and informal mathematical language to communicate reasoning and explain solutions and justify results.
	Uses appropriate formal mathematical language to communicate reasoning, explain solutions and justify results.
	The student uses formal mathematical language including asymptote and salvage value.

	MAO-WM-01
Part 5
	Uses a graph or calculation to find when an asset would triple in value.
	Provides a rule to accurately predict when an asset would triple in value, with reasoning based on calculations and related graphs.
	Provides a rule to accurately predict when an asset would triple in value, with reasoning based on calculations and related graphs.
Explains how the rule was developed.
	Provides a rule to accurately predict when an asset would triple in value, for a specified range of interest rates, with reasoning based on calculations and related graphs.
Explains how the rule was developed and discusses the limitations of the rule.
	The student provides a rule for a range of interest rates, showing their reasoning and providing graphs and calculations to explain how the rule was developed. They also state limitations saying that it would not work for compounding periods.


Feedback: the student has demonstrated fluency when correctly using formulas to find the future value of investments and the salvage value of depreciated items. They could improve by communicating conceptually the effects of changing the compound period on an investment and justifying why that changes the accuracy of the rule of 72 in this context.
The student has shown they can graph exponential relationships and interpret the graph to find results. They have also shown their conceptual understanding of exponential relationships by relating their equation to the shape of the graph and what influences it, particularly when comparing exponentials that are increasing to those that are decreasing.
The student has shown competency in using mathematical language to communicate effectively throughout this assessment. They have also demonstrated their problem solving and reasoning skills when providing a rule for when an investment triples, which would be transferable to other tasks.
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100,000 and over 0.01% pa. 3.00% pa.
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