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9 Annuities and perpetuities

9.1 Overview
The retirement age for working Australians is now 70 years. Entering the workforce at 20 and retiring at
70 means that many people will work for a significant proportion of their lives. But what happens when
work is no longer part of a person’s life and earning money is no longer an option?

There is much discussion from financial advisers about how much a person will need in a superannuation
fund to retire comfortably. Figures of up to $1 million and more have been suggested, depending on a
person’s individual circumstances and lifestyles. How can we save enough for the future?

In this topic, you will learn about investing regularly and how much needs to be saved on a regular basis
to result in a desired amount in the future. Remember that even the smallest amount of money, if invested
regularly in an interest-bearing account, will grow in value without you having to do any more physical
work for it.

LEARNING SEQUENCE
9.1 Overview
9.2 Introduction to annuities
9.3 Using recurrence relations to model annuities
9.4 Annuity and perpetuity calculations
9.5 Review

Fully worked solutions for this chapter are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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9.2 Introduction to annuities
9.2.1 Identifying annuities
An annuity is a form of compound interest investment into which regular and equal payments are made
periodically for a fixed period of time, or a single sum investment from which regular and equal payments
are received. The interest in an annuity is compounded at the end of each period before the payment is made
or received.

Superannuation is a common example of an annuity. In many employment situations, the employer makes
contributions (currently set at 9.5% of an employee’s wage) into an account on a regular basis. The interest
on the investment compounds. The annuity is usually set aside for the employee’s working life and is used to
fund their retirement. This type of annuity is also referred to as a superannuation fund, or ‘super fund’.

House mortgages (home loans) and car loans are other examples of annuities. In these cases, the regular
and equal monthly payments are subtracted from the loan amount, which is compounded each month along
with the interest.

WORKED EXAMPLE 1

Which of the following are examples of annuities?
a. $5000 is invested into a savings account with simple interest of 5.85% p.a.
b. $2000 is invested into an account compounded monthly. At the end of each month an additional

contribution of $150 is made.
c. Monthly mortgage payments of $1750 are made on a home loan of $250 000.
d. Withdrawals are made from an investment sum of $500 000 when needed.

THINK WRITE

a. 1. An annuity is a form of a compounded
investment. What type of interest is earned?

a. $5000 is invested at simple interest.

2. An annuity consists of a series of regular
payments or withdrawals. Check if regular
payments are made.

There are no regular and equal payments
made to the investment.

3. Answer the question. This is not an example of an annuity.

b. 1. An annuity is a form of compounded
investment.

b. $2000 is invested and compounded monthly.

2. An annuity consists of a series of regular
payments or withdrawals. Check if regular
payments are made.

Payments of $150 are made monthly.
Therefore, equal and regular payments are
received.

3. Answer the question. Yes, this is an example of an annuity.

c. 1. An annuity is a single sum investment. c. $250 000 is the invested single sum (loan).

2. An annuity consists of a series of regular
and equal payments that are received.
Check if regular payments are made.

Payments of $1750 are made monthly.
Therefore, equal and regular payments are
received.

3. Answer the question. Yes, this is an example of an annuity.

d. 1. An annuity is a single sum investment. d. $500 000 is the invested single sum.

2. An annuity consists of a series of regular
and equal payments that are received.
Check if regular payments are made.

Withdrawals are made as needed (payments
are neither regular nor equal).

3. Answer the question. This is not an example of an annuity.
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9.2.2 Calculating annuities using the compound interest formula
An annuity is the sum of compound interest on an investment. Therefore, the compound interest formula can
be used to calculate the value of an annuity.

The amount to which an annuity grows by the end of the investment period is known as the future value,
A, of the annuity:

FUTURE VALUE
A = P(1+ i)n

where A is the future value, P is the present value (or principal), i is the interest rate per
compounding period expressed as a decimal and n is the number of compounding periods.

WORKED EXAMPLE 2

Calculate the future value of an annuity in which $1000 is invested each year at 10% p.a. for
5 years.

THINK WRITE

1. The compounding periods can be
illustrated on a diagram. 0 1

$1000

$1000

4 years

3 years

2 3 4 5

$1000
2 years

$1000
$1000

1 year

2. Use the compound interest formula to
calculate the amount to which the first
$1000 will grow. The first $1000 will
have 4 compounding periods, so n = 4.

n = 4
A = P(1 + i)n

= 1000(1 + 0.1)4
= 1000 × 1.14

= $1464.10
3. Use the compound interest formula to

calculate the amount to which the second
$1000 will grow. The second $1000 will
have 3 compounding periods, so n = 3.

n = 3
A = P(1 + i)n

= 1000(1 + 0.1)3
= 1000 × 1.13

= $1331.00
4. Use the compound interest formula to

calculate the amount to which the third
$1000 will grow. The third $1000 will
have 2 compounding periods, so n = 2.

n = 2
A = P(1 + i)n

= 1000(1 + 0.1)2
= 1000 × 1.12

= $1210.00
5. Use the compound interest formula to

calculate the amount to which the fourth
$1000 will grow. The fourth $1000 will
have 1 compounding periods, so n = 1.

n = 1
A = P(1 + i)n

= 1000(1 + 0.1)1
= 1000 × 1.1
= $1100.00
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6. Find the total of the separate $1000
investments, remembering to add the
final $1000. The fifth $1000 will have
0 compounding periods.

Total value = $1464.10 + $1331.00 + $1210.00
+$1100.00 + $1000

= $6105.10

WORKED EXAMPLE 3

Calculate the future annuity value for the first 3 months of a car loan of $15 880 compounded
monthly at 6% p.a. with monthly repayments of $210 each month. Write your answers correct to
the nearest cent.

THINK WRITE

1. Determine the monthly interest rate. i = 6

100
× 1

12
= 0.005

2. Use the compound interest formula to calculate the future
annuity value after interest is added for the first month.

A = P(1 + i)n

= 15 880 × 1.0051

= 15 959.40
3. Find the future value at the end of the first month by

subtracting the payment.
A = 15 959.40 − 210
= 15 749.40

4. Use the compound interest formula to calculate the future
annuity value after interest is added for the second month.

A = P(1 + i)n

= 15 749.40 × 1.0051

= 15 828.15
5. Find the future value at the end of the second month by

subtracting the payment.
A = 15 828.15 − 210
= 15 618.15

6. Use the compound interest formula to calculate the future
annuity value after interest is added for the third month.

A = P(1 + i)n

= 15 618.15 × 1.0051

= 15 696.24
7. Find the future value at the end of the third month by

subtracting the payment.
A = 15 696.24 − 210
= 15 486.24

8. Answer the question. 1st month: $15 749.40
2nd month: $15 696.24
3rd month: $15 486.24

Units 3 & 4 Topic 5 Sequence 3 Concept 1 Introduction to annuities Summary Screen and practice questions

Exercise 9.2 Introduction to annuities

1. WE1 Which of the following are examples of annuities?
a. $150 is received monthly from a superannuation fund of $145 000.
b. $150 is paid at the end of each month on a car loan with compound interest at 4.75% p.a.
c. $2500 is invested at compound interest of 5.45% p.a. with additional payments of $150, $350 and

$1000 made in the first year.
d. $10 000 is invested in a term deposit at simple interest of 7.5% p.a.
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2. Using the compound interest formula, determine the future values of the following. Write your answers
correct to the nearest cent.
a. $2000 at 5% p.a. for 6 years with interest calculated annually
b. $1500 at 4% p.a. for 4 years with interest compounded six monthly
c. $10 000 at 7% p.a. for 2 years with interest compounded quarterly
d. $3750 at 6% p.a. for 3 years with interest compounded monthly

3. MC Which one of the following is not an example of an annuity?
A. A pension received fortnightly from a pension fund
B. Monthly payments to pay off a car loan
C. Receiving a scholarship from a fund
D. Weekly payments from an investment fund

4. WE2 Calculate the future value of an annuity in which $500 is being invested each year at 6.75% for
4 years. Write your answer to the correct nearest cent.

5. MC The future value of an annuity in which $2000 is invested every 6 months at 5.25% p.a. for
2 years, correct to the nearest whole dollar, is
A. $2454. B. $4105. C. $8321. D. $8652.

6. At the end of each year for four years Rodney invests $1000 into an investment fund that pays 7.5%
p.a. interest, compounded annually. By calculating each investment of $1000 separately, use the
compound interest formula to calculate the future value of Rodney’s investment after four years. Write
your answer correct to the nearest cent.

7. WE3 Calculate the future annuity value for the first 4 months of a car loan of $18 950 compounded
monthly at 5% p.a. with monthly repayments of $200 at the end of each month.

8. MC Monthly repayments of $1200 are made to pay off a
$150 000 home loan that is compounding monthly at
4.25% p.a. Which one of the following calculates the
future value of the annuity after the first payment?

A. 150 000 ×
(
1+ 4.25

100

)
− 1200

B. 150 000 ×
(
1+ 4.25

1200

)
− 1200

C. (150 000− 1200) × 4.25
1200

D. (150 000− 1200) ×
(
1+ 4.25

1200

)
9. $5000 is invested at 3.75% p.a. compounded monthly. Each month, after interest is added, $250 is

deposited. The table shows the value of the annuity each month for 5 months. Complete the table for the
next 2 months.

Payment no. Payment
(
$
)

Future value
(
$
)

1 5000 5000.00
2 250 5265.63
3 250 5532.08
4 250 5799.37
5 250 6067.49
6

7
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10. MC Alexi makes monthly repayments of $250 to
pay off a $19 500 car loan that is compounding
monthly at 5.5% p.a. Interest is added before the
payment is made at the end of the month. The
balance of the loan after the 3rd payment is made is
closest to
A. $18 750.
B. $18 839.
C. $19 015.
D. $19 016.

11. Annie invests $5000 at 3.5% p.a. compounded monthly.
a. Explain why this is not an example of an annuity.
b. How could this type of investment become an example of an

annuity? Write a question that would make this an example of
an annuity to support your explanation.

12. Bertrand invests $1500 each year for 9 years at 6% p.a. compounded
annually.
a. Write down the calculations that determine the future value of

the annuity after the second and third payments.
b. A spreadsheet is constructed as follows to calculate the future value

of the annuity each year for the 10 payments.

1

2

3

1500

1500

1500

1500

A

Payment no. Payment FV

1500.0

=

B C

1

2

3

4

5 4

The formula ‘= 1.06 ∗ c2’ is typed into cell c3.
i. Explain why this formula will not determine the future value of the annuity.
ii. Write a formula that will calculate the future value of the annuity each year for the 10 payments.

c. Using your formula from part b ii, determine the future value of the annuity after the 10 payments.
13. The following calculation finds the future value of an annuity after the third payment when interest has

been added and the payment made.

A = 2004.50 × 1.0045+ 1000

a. Show that the interest rate on each payment is 0.45%.
b. What additional information is needed to determine the annual interest rate?
c. Show that the first payment was $1000.

14. A company contributes 9.5% of its employees’ salaries into a superannuation fund each week.
a. Explain why this is an example of an annuity.
b. Max is an employee with this company with a weekly wage of $895 before tax. How much, in dollars

correct to the nearest cent, does the company contribute to his superannuation fund each week?
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c. Max’s superannuation fund currently has $205 850
and is invested at 6.5% p.a. compounded weekly. The
following calculation shows the amount in dollars, A,
in his fund after his next weekly contribution. Assume
52 weeks = 1 year.

A = 205 850 (1+ i)1 + Q

Write down the values of r and Q, and hence
determine Max’s superannuation balance after his next
weekly contribution, correct to the nearest cent.

15. Monthly mortgage payments of $1485 are paid towards a loan of $250 000 which is compounded
monthly at 3.75%. The following calculation shows the amount in dollars, FV, of the balance of the loan
after each payment.

A = 250 000 (1 + i)1 − 1485

a. Show that the value of r is 0.003 125, and hence find the balance of the loan after the first payment,
correct to the nearest cent.

b. Using technology, determine the balance of the loan after the first 12 payments.
c. In the context of this problem, explain why mortgage payments are an example of an annuity.

16. At the end of each year for 5 years, Bec invests $1200 in an investment fund that pays 6% p.a. interest
compound annually. By calculating each individual of $1200 separately, use the compound interest
formula to calculate the future value of Bec’s investment after 5 years. Write your answer correct to the
nearest cent.

9.3 Using recurrence relations to model annuities
9.3.1 Recurrence relations
Annuities can be modelled using recurrence relations. Recurrence relations have been studied in previous
sections.

A recurrence relation is a relation in which each term of the sequence depends only on the previous term
of the sequence. This means that only the initial value is needed to generate the remaining terms of the
sequence.

Annuities are compound investments. Therefore, the value of the annuity at the end of each payment
period forms a geometric sequence (exponential growth).

For compound investments, each new term is found by multiplying the previous term by a percentage
(the interest rate).

For example, $100 compounded monthly by 1% (that is, multiplied by 1.01) would generate the following
terms in the sequence:

100
100 × 1.01 = 101
101 × 1.01 = 102.01
102.01 × 1.01 = 103.03
Geometric sequence: 100, 101, 102.01, 103.03

A recurrence relation representing the value of an annuity at the end of each payment period will be of the
form shown below.
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VALUE OF AN ANNUITY AT THE END OF EACH PAYMENT PERIOD
An+1 = rAn + d, A0 = a

where r =
(
1+ x

100

)
, x is the compounded interest rate per payment period, a is the value of the

annuity at the end of the first payment or the initial investment and d is the payment amount.

Interactivity Initial values and first-order recurrence relations (int-6262)

WORKED EXAMPLE 4

At the end of each year $1000 is invested at 5.75% p.a. compounded annually.
a. Set up a recurrence relation that represents the value of the annuity after each payment

is made.
b. Using the recurrence relation from part a, find the value of the annuity for the first 4 years.

Write your answers correct to the nearest cent.

THINK WRITE

a. 1. Identify the components of the recurrence
relation.

a. a = 1000, x = 5.75
r =

(
1 + 5.75

100

)
= 1.0575

d = 1000

2. Substitute the components into the
recurrence relation.
Note: The initial term must be included in the
recurrence relation so that the next term can
be found.

An+ 1 = rAn + d, A0 = a

An+ 1 = 1.0575 × 1000,A0 = 1000

b. 1. Substitute n = 1 and A0 = 1000 into the
recurrence relation to find the value of the
annuity after the second payment is made.

b. n = 1,A0 = 1000
A1 = 1.0575 × 1000 + 1000

2. Calculate term A1. A1 = 2057.50
3. Substitute n = 2 and A1 = 2057.50 into the

recurrence relation to find the value of the
annuity after the third payment is paid.

n = 2,A1 = 2057.50
A1+1 = Az = 1.0575 × 2057.50 + 1000

4. Calculate term A2. A2 = 3175.81
5. Substitute n = 3 and 2A2 = 3175.81 into the

recurrence relation to find the value of the
annuity after the fourth payment is made.

n = 3, t3 = 3175.81
A2+1 = A3 = 1.0575 × 3175.81 + 1000

6. Calculate term A3 A3 = 4358.42
7. Answer the question. The values of the annuity for the first four

years are $1000, $2057.50, $3175.81
and $4358.42.
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9.3.2 Using technology to determine the future value of an annuity
Technology can be used to determine the future value of an annuity by using formulas to perform the
repetitive calculations required.

WORKED EXAMPLE 5

Using technology, determine the future value of an annuity of $500 that is invested every six
months at 5.75% p.a. for 6 years.

THINK WRITE

1. Determine the value of r. (Note that the
investment is compounded twice a year.)

r =
(
1 + 5.75

200

)
= 1.02875

2. Set up a spreadsheet as shown.

1 500.00

A

Payment

period, n
Payment ($) Future value of annuity ($)

500.00

B C

1

2

3. Use a spreadsheet function to complete
the table.

Payment

period, n Payment ($)

A

Formulas
= c2*1.02875 + b3

(starting from cell c3)

Future value of annuity ($)

B C

500.00 500.00

500.00 1014.38

500.00 1543.54

500.00 2087.92

500.00 2647.94

500.00 3224.07

500.00 3816.76

500.00 4426.49

500.00 5053.76

500.00 7045.83

500.00 6362.90

1

2

3

4

5

6

7

8

9

12

11

10 500.00 5699.05

1

2

3

4

5

6

7

8

9

10

13

12

11

4. Answer the question. After 6 years (on maturity) the future value
of the annuity is $7045.83.
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9.3.3 Other factors affecting the future value of an annuity
The growth of an annuity is affected by the number of payments each year and the compounding
interest rate.

Using technology, we can investigate the effects that varying the amount and frequency of contributions
made, and the interest rate, have on the future value of annuities.

WORKED EXAMPLE 6

Using technology, determine the future value of an annuity of $250 invested every 3 months
(quarterly) at 5.75% p.a. compounded quarterly.
a. Determine the future value of the annuity after 6 years.
b. Construct a graph that compares the future value of the annuity at an interest rate of 5.75% p.a.

for the following investments.
i. $1000 being invested every year and compounded annually
ii. $500 being invested every 6 months, compounded half-yearly
iii. $250 invested every 3 months, compounded quarterly
(For parts ii and iii, use your values from Worked examples 4 and 5.)

c. Comment on the effect that changing the number of payments has on the future value of the
annuity.

THINK WRITE

a. 1. Determine the value of r.
(Note that the investment
is compounded four times
a year.)

a. r =
(
1 + 5.75

400

)
= 1.014375

2. Set up a spreadsheet as
shown. Payment

period, n
Payment ($)

A

Future value of annuity ($)

B C

1

1 250.00 250.002
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3. Use a spreadsheet
function to complete the
table.

A

Formula
= c2*1.014375 + b3

(starting from cell c3)

B C

1

250.00 250.002

503.593

760.834

1021.775

1286.466

1554.957

1827.308

2103.579

2383.8110

7104.8025

2956.4312

2668.0811

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

250.00

6757.6624

6415.4423

6078.0722

5745.4721

5417.6020

5094.3719

4775.7118

4461.5817

4151.9016

3846.6015

3545.6314

1

2

3

4

5

6

7

8

9

24

11

10

23

22

21

20

19

18

17

16

15

14

13

12 3248.9313

Payment

period, n Payment ($) Future value of annuity ($)

4. Answer the question. After 6 years (on maturity), the future value of the annuity is
$7104.80.

b. 1. Determine the value of
the annuity of $1000
invested each year at
5.75% p.a. compounded
annually. (Note that this
is also done in Worked

example 4).

b.

Payment

period, n Payment ($) Future value of annuity ($)

Formula
= c2*1.0575+ b3

(starting from cell c3)

1 1000.00

2

3

4

5

2057.50

3175.81

4358.42

5609.02

6931.54

1000.00

1000.00

1000.00

1000.00

A B C

1

2

3

4

5

6

7
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2. Using the values obtained
from part a and Worked

examples 4 and 5,
construct a graph.

Year

F
u
tu

re
 v

al
u
e 

($
)

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

4200

4400

4600

4800

5000

5200

5400

5600

5800

6000

6200

6400

6600

6800

7000

7200

n

FV

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

$500,    year
1

2
$250,     year

1

4
$1000, yearly
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c. 1. Compare the future
values of the annuity for
each of the 3 situations.

c. i. For $1000 invested each year, the future value after 6 years
is $6931.54.

ii. For $500 invested half-yearly, the future value after 6 years
is $7045.83.

iii. For $250 invested quarterly, the future value after 6 years is
$7104.80.

2. Comment on the findings. If payments are more frequent, the future value of the annuity
increases.

In this example the yearly payment amount did not change,
but the payments were made with different frequencies. Making
4 payments per year resulted in a future value of $7104.80,
which is $173.26 more than the result from a $1000 payment
once a year and $58.97 more than the result from a $500
payment twice a year.

WORKED EXAMPLE 7

Use technology to find the future value of $1000 invested each year for 6 years at the following
interest rates, compounded annually. Hence, explain the effect increasing interest rates has on the
future value of an annuity.
a. 4% b. 8% c. 12%
THINK WRITE

1. Determine the value of
r for each investment.

4%: r =
(
1 + 4

100

)
= 1.04

8%: r =
(
1 + 8

100

)
= 1.08

12%: r =
(
1 + 12

100

)
= 1.12

2. Set up a spreadsheet
as shown.

Payment number Payment ($)

A

Formulas = 1.04*c2 + b3

FV ($), 4%

B C

1

1 1000 1000.002

2 2040.003

3 3121.604

4 4246.465

5 5416.326

6 6632.98

= 1.08*d2 + b3

FV ($), 8%

D

1000.00

2080.00

3246.40

4506.11

5866.60

7335.93

= 1.12*e2 + b3

FV ($), 12%

E

1000.00

2120.00

3374.40

4779.33

6352.85

8115.197

1000

1000

1000

1000

1000

3. Answer the question. i. Future value at 4% is $6632.98.
ii. Future value at 8% is $7335.93.
iii. Future value at 12% is $8115.19.
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7335.93 − 6632.98
6632.98

× 100 = 10.6%

8115.19 − 7335.93
7335.93

× 100 = 10.62%

Increasing the interest rate increases the future value of the annuity,
with an approximate 10.6% increase for each 4% increase in the
interest rate.

Units 3 & 4 Topic 5 Sequence 3 Concept 2

Using recurrence relations to model annuities Summary screen and practice questions

Exercise 9.3 Using recurrence relations to model annuities

Note: Assume the investment is at the end of the year for the following questions.

1. WE4 At the end of each year, $200 is invested at 6% p.a. compounded annually.
a. Set up a recurrence relation to represent the value of the annuity at the end of each payment.
b. Using the recurrence relation from part a, find the value, in dollars, of the annuity after the first

3 payments. Write your answers correct to the nearest cent.
2. The following recurrence relation represents the future value of an annuity.

An+ 1 = 1.025An + 750, A0 = 750

a. What is the interest rate per payment period?
b. Write down the regular payment amount, in dollars.
c. Using the recurrence relation, find the future value of the annuity after the first 3 payments, correct to

the nearest cent.
3. Set up recurrence relations for each of the

following annuities.
a. $1500 invested each year at 8% p.a.
b. $600 invested every 6 months at 4% p.a.
c. $450 invested every month at 7.5% p.a.
d. $600 invested quarterly at 9.5% p.a.

4. MC Which one of the following recurrence
relations represents monthly $500 payments
on a $25 000 car loan at 6% p.a. compounded
monthly?
A. An+1 = 1.06An − 500, A0 = 25 000 B. An+1 = 1.005An − 500, A0 = 25 000
C. An+1 = 1.005An + 500, A0 = 25 000 D. An+1 = 1.06An, A0 = 25 000

5. MC The recurrence relation An+1 = 1.02An+ 500, A0 = 500 represents the future value of an annuity
with regular payments made 4 times a year. Which one of the following statements is correct?
A. The annual interest rate is 2%.
B. The interest rate per payment is 1.02%.
C. The future value of the annuity after the 3rd payment is $1530.20.
D. The future value of the annuity after the 2nd payment is $510.00.
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6. WE5 Using technology, determine the future values of the following annuities.
a. $1000 invested each year for 5 years at 4% p.a. compounded annually
b. $500 invested every 6 months for 4 years at 5% p.a. compounded half-yearly
c. $700 invested every 4 months for 3 years at 4.5% p.a. compounded quarterly

7. MC The future value of an annuity of $250 invested each month for 2 years at 5.5% p.a. compounded
monthly has a future value, correct to the nearest dollar, of
A. $6347. B. $6328. C. $7052. D. $8342.

8. Each of the following recurrence relations determines the future value of an annuity. For each relation,
find the future value after the first 3 payments, correct to the nearest cent.
a. An+1 = 1.005An + 100, A0 = 100
b. An+1 = 1.0004An − 1650, A0 = 250 000
c. An+1 = 1.015An + 2000, A0 = 3000

9. The same sum of money is invested each year. The following graph shows the future value of an annuity
for the first 10 years.
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a. What is the sum of money invested each period?
b. After how many payments will the future value of the annuity first be greater than $10 000?
c. After the second payment, the value of the annuity is $3090. Calculate the annual interest rate.

10. MC Instead of $1000 invested at 6% p.a. compounded annually each year for 4 years, $500 is invested
every half year at 6% p.a. compounded every six months for 4 years. The effect that increasing the
frequency of payments has on the future value of the annuity is
A. $72 (to the nearest dollar) more in interest.
B. $72 (to the nearest dollar) less in interest.
C. $574 (to the nearest dollar) less in interest.
D. $574 (to the nearest dollar) more in interest.

11. WE6 A payment of $2000 is invested at the end of each year at 5.5% p.a. compounded annually.
a. Using technology, determine the future value of the annuity after 4 years.
b. Construct a graph that compares the future value of the annuity after 4 years at an interest rate of

5.5% p.a. for the following investments.
i. $2000 invested each year, compounded annually
ii. $1000 invested every 6 months, compounded half-yearly
iii. $500 invested every 3 months, compounded quarterly

c. Comment on the effect that changing the number of payments has on the future value of the annuity.
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12. WE7 Use technology to find the future value of $100 invested each year for 10 years at the following
interest rates, compounded annually. Hence, explain the effect that increasing interest rates has on the
future value of an annuity.
a. 5% b. 7.5% c. 10%

13. The future values of an annuity after the first 3 payments are as follows.

$1000, $2003, $3009

a. Show that r = 1.003 and hence state the interest rate, as a percentage, per payment period.
b. Set up a recurrence relation that finds the future value of the annuity after each payment.
c. Using the recurrence relation from part b, find the future value of the annuity after the fourth and

fifth payments.
14. Mortgage payments are made monthly on a home

loan. The amount owing on the home loan can be
represented by the following recurrence relation.

An+ 1 = 1.003 125An − 1500, A0 = 400 000

a. What is the amount of the loan?
b. Show that the annual interest on the loan is 3.75%.
c. Explain why mortgage payments are a type of annuity.
d. Using the recurrence relation, determine the amount

owing on the loan after 3 payments.
15. The following recurrence relation finds the future

value of an annuity.

An+ 1 = 1.02An + x, A0 = x

If A3 = $1530.20, show that x = $500.

16. Using technology, determine the future value of each of the following annuities after the final payment

has been made. (For part c, assume 26 fortnights = 1 year, 26 weeks = 1

2
year.)

a. $900 invested every 6 months for 4 years at 6% p.a. compounded every six months
b. $5000 invested every year for 10 years at 8% p.a. compounded annually
c. $100 invested every week for 6 months at 5% p.a. compounded fortnightly.

17. A payment of $2000 is invested each year for 12 years at 7% p.a. compounded annually.
a. Write down the calculations that determine the future value of the annuity after the first and second

payments.
b. Using technology, determine the future value of the annuity each year until maturity. Write your

answers correct to the nearest cent.
18. The following calculation finds the future value of an annuity after the third payment when interest has

been added and the payment made.

FV = 1.012 × 503+ 250

a. Write down the interest rate per payment period, as a decimal.
b. What additional information is needed to determine the annual interest rate?
c. Show that the first payment was $250.

19. Monthly mortgage payments of $1358 are paid towards a loan of $200 000 that is compounded monthly
at 3.25%. The following calculation shows the amount in dollars, A, of the balance of the loan after each
payment.

A = 200 000 (1 + r)1− 1358
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a. Show that the value of r is 0.002 708 and hence find the balance of the loan after the first payment.
b. Using technology, determine the balance of the loan for the first 12 months.
c. In the context of this problem, explain why mortgage payments are an example of an annuity.

20. Use technology to find the future value of $500 invested each year for 10 years at the following interest
rates, compounded annually. Hence, explain the effect that increasing interest rates has on the future
value of an annuity.
a. 4% b. 5% c. 6%

21. The future values of an annuity after the first 3 payments are as follows.

$650, $1326, $2029.04

a. Show that i = 1.04 and hence state the interest rate, as a percentage, per payment period.
b. Set up a recurrence relation that finds the future value of the annuity after each payment.
c. Using the recurrence relation from part b, find the future value of the annuity after the fourth and

fifth payments.
22. Anna has a super fund and decides to increase her fortnightly contribution to $800. The amount in her

super fund after interest is added and the next payment is made is represented by the following
recurrence relation:

tn+ 1 = 1.002 692tn + 800, t1 = 125 700

a. How much was in Anna’s super fund before
she increased her fortnightly contribution to
$800?

b. Show that the annual interest on the loan, to the
nearest whole percentage, is 7%. (Assume
26 weeks = 1 year.)

c. Explain why Anna’s super fund contributions are
an example of an annuity.

d. Using the recurrence relation, determine the
balance in Anna’s super fund after she makes
the next 3 payments. Write your answer correct
to the nearest cent.

9.4 Annuity and perpetuity calculations
9.4.1 Calculating the future value of an annuity using a formula
In this section, we will calculate the future value of an annuity using a formula. However, you will be asked
to calculate the future value of an annuity using a table of future values in the exam. This is addressed in
section 9.4.2.

The future value of an annuity can be calculated using the formula below.

FUTURE VALUE OF AN ANNUITY

A = M
(
(1+ i)n − 1

i

)
whereM is the amount of each regular payment, i is the interest rate per payment period expressed
as a decimal, and n is the number of payments.
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WORKED EXAMPLE 8

Using the annuity future value formula, calculate the future value of $500 invested every six
months for 10 years at 6% p.a. compounded six-monthly. Write your answer correct to the nearest
cent.

THINK WRITE

1. Identify the components of the annuity future value
formula.

M = 500
n = 2 × 10 = 20

i = 6

200
= 0.03

2. Substitute the values into the formula. A = M

(
(1 + i)n− 1

i

)
= 500

(
(1 + 0.03)20− 1

0.03

)
= 13 435.19

3. Answer the question In 10 years the future value of
the annuity is $13 435.19.

Rearranging the annuity formula enables us to calculate the payment amount required to obtain a specific
annuity future value:

PAYMENT AMOUNT OF ANNUITY FUTURE VALUE

M = A
(

i
(1+ i)n − 1

)
where A is the desired future value of the annuity, i is the interest rate per payment period
expressed as a decimal, n is number of payments, andM is the regular payment amount.

WORKED EXAMPLE 9

Calculate the annual contribution needed to obtain $50 000 in 10 years at 4.5% p.a. with interest
compounded annually.

THINK WRITE

1. Identify the key components of the
formula.

A = 50 000, n = 10

i = 4.5
100

= 0.045

2. Substitute the values into the formula. M = A

(
i

(1 + i)n − 1

)
= 50 000

(
0.045

(1 + 0.045)10 − 1

)
= 4068.94

3. Answer the question. Annual regular payments of $4068.94 are
needed to obtain $50 000 in 10 years at 4.5%
interest compounded annually.
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9.4.2 Table of future values
Future annuity values can also be found by creating a table that shows the future value of a $1 annuity
invested per interest period.

To create a table of future values, set up a spreadsheet and insert the formula as shown.

1 1.0000

A

1%Period 2%

1.0000

B C

2

1

2 2.0100 2.02003

3 3.06044

4 4.12165

56

6 6.30817

3%

1.0000

D

2.0300

3.0909

4.1836

5.3091

6.4684

4%

1.0000

E

2.0400

3.1216

4.2465

5.4163

6.6330

5%

1.0000

F

2.0500

3.1525

4.3101

5.5256

6.8019

6%

1.0000

G

2.0600

3.1836

4.3746

5.6371

6.9753

7%

1.0000

H

2.0700

3.2149

4.4399

5.7507

7.1533

8%

1.0000

I

2.0800

3.2464

5.8666

10%

1.0000

K

2.1000

3.3100

4.6410

6.1051

7.7156

3.0301

4.0604

5.1010

6.1520

7 7.43438 7.6625 7.8983 8.1420 8.3938 8.6540 8.9228 9.48727.2135

89 8.8923 9.2142 9.5491 9.8975 10.2598 10.6366 11.43598.2857

9 9.754610 10.1591 10.5828 11.0266 11.4913 11.9780 12.4876 13.57959.3685

10 10.949711 11.4639 12.0061 12.5779 13.1808 13.8164 14.4866

9%

1.0000

J

2.0900

3.2781

4.5731

5.9847

7.5233

9.2004

11.0285

13.0210

15.1929 15.937410.4622

Formula (type in cell B2 ‘= ((1 + B$1)ˆ$A2 – 1)/B$1’ and use the fill function to complete the table)

4.5061

5.2040

7.3359

8.5830

WORKED EXAMPLE 10

Use the previous table to find the future value (A) of an annuity where $1500 is deposited at the
end of each year into an account that pays 7% p.a. interest, compounded annually for 9 years.

THINK WRITE

1. Using the previous table, look up the future value of
$1 at 7% p.a. for 9 years.

A = $1500 × 11.9780

2. Multiply this value by 1500. = $17 967

9.4.3 Calculating the present value of an annuity
In this section, we will calculate the present value of an annuity using a formula. However, you may be
asked to calculate the present value of an annuity using a table of present values in the exam. This is
addressed in section 9.4.4

The present value of an annuity is the single sum of money that, invested on the same terms as the
annuity, will produce the same future value.

For example, consider $100 invested at 5% for one year.

100 × 1.05 = 105

$105 Future value

105 ÷ 1.05 = 100

5%Present value $100

The future value of $105 in one year’s time is $100 now. This means that for the payment to be worth
$105 next year, $100 needs to be invested this year.
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Consider 3 annual payments of $1000 at 5% p.a.

The 1st payment of $1000 in one year is currently worth
1000

1.05
= $952.38.

The 2nd payment of $1000 in 2 years is currently worth
1000

1.05 × 1.05
= $907.03.

The 3rd payment of $1000 in 3 years is currently worth
1000

1.05 × 1.05 × 1.05
= $863.84.

Therefore, 3 payments of $1000 at 5% p.a. in 3 years’ are worth 952.38+ 907.03+ 863.84 = $2723.25.
In the context of present value annuities, this means that if $2723.25 is invested as a single sum

investment now at 5% p.a. compounded annually, it will have the same future value as the annuity of $1000
invested each year for 3 years at 5% p.a.

Check:
If $2723.25 is invested at compound interest of 5% p.a. compounded annually:

A = 2723.25 × 1.053

= 3152.50
If $1000 is invested each year for 3 years at 5% p.a. compounded annually:

A = M

(
(1+ i)n− 1

i

)
= 1000

(
(1+ 0.05)3− 1

0.05

)
= 3152.50

The following formula can be used to determine the present value of an annuity, PV:

PRESENT VALUE OF AN ANNUITY

PV = M
(
(1+ i)n − 1
i(1+ i)n

)
whereM is the regular payment amount, i is the interest rate period per payment period expressed
as a decimal, and n is the number of payments.

WORKED EXAMPLE 11

Using the formula for the present value of an annuity, determine the present value of an annuity
of $1500 per year for 10 years invested at 5% p.a. Hence, in the context of this problem, explain
the present value.

THINK WRITE

1. Identify the key components of the
formula.

M = 1500, n = 10

i = 5

100
= 0.05

2. Substitute the values into the formula. PV = M

(
(1 + i)n − 1

i(1 + i)n

)
= 1500

(
(1 + 0.05)10 − 1

0.05(1 + 0.05)10
)

= 11 582.60
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3. Answer the question. The present value of the annuity is $11 582.60.
This means that $11 582.60 invested now as a
single sum investment would have the same
future value as an annuity of $1500 invested each
year for 10 years at 5% p.a.

9.4.4 Table of present values
As with a table of future values, a table of present values can be created to determine the present value of a
$1 annuity.

Formula (type in cell b2 ‘= ((1 + B$1)ˆ$A2 – 1)/(B$1*(1 + B$1)ˆ$A2)’ and use the fill function to complete the table)

1 0.9901

A

1%Period 2%

0.9804

B C

2

1

2 1.9704 1.94163

3 2.88394

4 3.80775

56

6 5.60147

3%

0.9709

D

1.9135

2.8286

3.7171

4.5797

5.4172

4%

0.9615

E

1.8861

2.7751

3.6299

4.4518

5.2421

5%

0.9524

F

1.8594

2.7232

3.5460

4.3295

5.0757

6%

0.9434

G

1.8334

2.6730

3.4651

4.2124

4.9173

7%

0.9346

H

1.8080

2.6243

3.3872

4.1002

4.7665

8%

0.9259

I

1.7833

2.5771

3.9927

10%

K

2.9410

3.9020

4.8534

5.7955

7 6.47208 6.2303 6.0021 5.7864 5.5824 5.3893 5.20646.7282

89 7.0197 6.7327 6.4632 6.2098 5.9713 5.74667.6517

9 8.162210 7.7861 7.4353 7.1078 6.8017 6.5152 6.24698.5660

10 8.982611 8.5302 8.1109 7.7217 7.3601 7.0236 6.7101

9%

0.9174 0.9091

1.7355

2.4869

3.1699

3.7908

4.3553

4.8684

5.3349

5.7590

6.1446

J

1.7591

2.5313

3.2397

3.8897

4.4859

5.0330

5.5348

5.9952

6.41779.4713

3.3121

4.7135

4.6229

7.3255

WORKED EXAMPLE 12

Liam invests $750 per year into an annuity at 6% per annum for 8 years, with interest
compounded annually. Use the previous table to calculate the present value of Liam’s annuity.

THINK WRITE

1. Use the table to find the present value of a $1
annuity at 6% for 8 interest periods.

The present value of $1 for 8 years is
6.2098.

2. Multiply this value by 750. Present value = $750 × 6.2098
= $4657.35

9.4.5 Perpetuities
A perpetuity is a special type of annuity where an amount of money is invested to provide regular payments
that continue indefinitely. Scholarships and bursaries are forms of perpetuities.

The investment amount remains the same for a perpetuity as the funds paid out must never exceed the
interest earned on the invested money.

The formula for the present value of an annuity is;

PV = M

(
(1+ i)n − 1

i(1+ i)n

)
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This can be expressed as:

PV = M

(
(1+ i)n

i(1+ i)n
− 1

i(1+ i)n

)
= M

(
1

i
− 1

i(1+ i)n

)

But i(1+ i)n is a very large number when n is a very large number, so
1

i(1+ i)n
is very close to zero when

n is very large.

So for large values of n, PV = M

i
.

PERPETUITY FORMULA

A = M
i

Where
A is the amount invested for an indefinite period
M is the amount of the regular payment per period
i is the interest rate per period.

WORKED EXAMPLE 13

A wealthy businesswoman decides to set up a scholarship fund to assist a disadvantaged young
person in her community. She invests in a perpetuity that is guaranteed an interest rate of 6% p.a.
Determine the amount to be invested in this perpetuity to provide a regular monthly income of
$500.

THINK WRITE

1. Write the perpetuity formula A = M

i

2. Write the values of M and i. M = 500, i =
6
12

100
= 0.005

3. Substitute the values of M and I into the perpetuity
formula.

A = 500

0.005
= 100 000

4. Write the answer. An investment of $100 000 is required
to provide a monthly income of $500.

The perpetuities formula can be rearranged to make the interest rate or the payment per period the subject.

M = A × i i = M

A
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WORKED EXAMPLE 14

Genevieve’s grandparents set up a perpetuity to help pay for her tertiary education. They invest
$125 000 at an interest rate of 4.5% p.a., with the interest rate for this perpetuity compounded
quarterly.
a. Calculate the amount Genevieve can pay off her university fees each quarter.
b. Her grandparents want Genevieve to receive $2000 each quarter and so decide to shop around

for a better interest rate. Calculate the interest rate that is needed to ensure a quarterly
payment of $2000.

THINK WRITE

a. 1. Write the perpetuity formula with M as the subject. a. M = A × i

2. Write the values of A and i. A = 125 000, i =
4.5
4

100
= 0.01125

3. Substitute the values of A and i into the perpetuity
formula.

M = 125 000 × 0.01125 = 1406.25

4. Write the answer. Genevieve will be able to pay
$1406.25 off her university fees each
quarter.

b. 1. Write the perpetuity formula with i as the subject. b. i = M

A
Write the values of A and M. A = 125 000, M = 2000

Substitute the values of A and M into the perpetuity
formula.

i = 2000

125 000
= 0.016

i =
interest rate

n

100
Interest rate = 0.016× 100× 4 = 6.4%

Write the answer. The interest rate required is 6.4% p.a.

Units 3 & 4 Topic 5 Sequence 3 Concept 3

Annuity and perpetuity calculations Summary screen and practice questions

Exercise 9.4 Annuity and perpetuity calculations

1. WE8 Using the future value annuity formula, calculate the future value of each of the following
annuities on maturity. Write your answers correct to the nearest cent.
a. $400 invested at the end of every six months for 12 years at 12% p.a. with interest compounded six

monthly
b. $1000 invested at the end of every quarter for 5 years at 8% p.a. with interest compounded every

quarter
c. $2500 invested at the end of each quarter at 7.2% p.a. for 4 years with interest compounded quarterly
d. $1000 invested at the end of every month for 5 years at 6% p.a. with interest compounded monthly

2. MC Tracey invests $500 into a fund at the end of each year for 20 years. The fund pays 12% p.a.
interest, compounded annually. The total amount of interest that Tracey earns on this fund
investment is
A. $1200. B. $4323.15. C. $4823.23. D. $26 026.22.
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3. WE9 Calculate the amount of each annual contribution needed to obtain each of the following amounts,
correct to the nearest cent.
a. $25 000 in 5 years at 5% p.a., with interest compounded annually
b. $100 000 in 10 years at 7.5% p.a., with interest compounded annually
c. $500 000 in 40 years at 8% p.a., with interest compounded annually

4. Thomas has the goal of saving $400 000 for his
retirement in 25 years. If the best interest rate that
Thomas can obtain is 10% p.a., with interest
compounded annually, calculate the amount of each
annual contribution that Thomas will need to make.

5. WE10 Use the table of future values in section 9.4.2 to
determine the future value of an annuity of $800
invested per year for 5 years at 9% p.a., with interest
compounded annually.

6. Use the table of future values to determine the future value of each of the following annuities.
a. $400 invested per year for 3 years at 10% p.a., with interest compounded annually
b. $2250 invested per year for 8 years at 8% p.a., with interest compounded annually
c. $625 invested per year for 10 years at 4% p.a., with interest compounded annually
d. $7500 invested per year for 7 years at 6% p.a., with interest compounded annually

7. MC Use the table of future values to determine which
of the following annuities will have the greatest
financial outcome.
A. 5% p.a. for 9 years, with interest compounded

annually
B. 6% p.a. for 8 years, with interest compounded

annually
C. 8% p.a. for 6 years, with interest compounded

annually
D. 7% p.a. for 7 years, with interest compounded

annually

8. WE11 Using the formula PV = M

(
(1+ i)n − 1

i(1+ i)n

)
, determine the present value of an annuity of $1250

per year for 8 years invested at 9% p.a.
9. WE12 Use the table of present values in section 9.4.4 to determine the present value of each of the

following annuities.
a. $450 per year for 5 years at 7% p.a., with interest compounded annually
b. $2000 per year for 10 years at 10% p.a., with interest compounded annually
c. $850 per year for 6 years at 4% p.a., with interest compounded annually
d. $3000 per year for 8 years at 9% p.a., with interest compounded annually

10. MC Which of the following present values gives the same value as an annuity of $2000 invested every
six months for 4 years at 6% p.a. compounded half-yearly?
A. $6930.20 B. $7434.20 C. $12 419.60 D. $14 039.40

11. WE13 A college alumni decides to set up a scholarship fund for a gifted musician at his old college, He
invests in a perpetuity that is guaranteed an interest rate of 7.5% p.a., compounded every six months.
Determine the amount to be invested in this perpetuity to provide a regular six-monthly income of
$3000.

12. The director of a theatre uses some of an inheritance to create a drama scholarship for talented young
actors. She invests in bonds that pay 8% p.a. and secures a payment each year of $22 000. How much did
she invest in the bonds?
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13. WE14 A local Lions Club donates $100 000 to the football and netball club to be invested and hence
provide an ongoing source of money to provide uniforms and sports shoes to junior players. The club
invests in a perpetuity paying an interest rate of 5.5% p.a., with the interest rate for this perpetuity
compounded quarterly.
a. Calculate the amount the club receives each quarter.
b. The club need $3000 each quarter and so decide to shop around for a better interest rate. Calculate

the interest rate that is needed to ensure a quarterly payment of $3000.
14. Use the perpetuity formula to calculate the payment as specified in each of the following.

a. $150 000 invested at 7.2%, compounded monthly.
b. $350 000 invested at 12% p.a. compounded six monthly and paid out annually.

15. Samantha invests $500 every 6 months for 5 years into
an annuity at 8% p.a. with interest compounded every
6 months.
a. What is the interest rate, as a percentage,

per interest period?
b. How many interest periods are there in Samantha’s

annuity?
c. Use the table of future values in section 9.4.2 to

determine the future value of Samantha’s annuity.
d. Samantha’s financial institution offers to increase

her rate to 9% p.a. To calculate the future value
of the annuity, Samantha finds the future value
of $1 at 4% and at 5% and then finds the average.
Determine the future value of Samantha’s annuity:

i. using her method

ii. using the formula A = M

(
(1+ i)n− 1

i

)
.

e. Comment on your results from part d.

16. Use the table of future values to determine whether an annuity at 5% p.a. for 6 years or an annuity at 6%
p.a. for 5 years will produce the greater financial outcome. Explain your answer by calculating (1+ r)n,
correct to 4 decimal places.

17. Jacinta’s financial adviser has told her that if she plans on retiring in 25 years, she will need $500 000
more in her retirement fund to live comfortably. The interest rate on her retirement fund is 6% p.a. and
she intends to make monthly payments.
a. Show that if Jacinta’s monthly contribution is $721.51, correct to the nearest cent, the future value of

the annuity in 25 years will be $500 000.
b. Calculate the present value of Jacinta’s annuity. In the context of this problem, explain what the

present value means.
18. Emerton makes monthly contributions of $950 into a

compounding investment at 5% p.a. compounded
monthly. His investment will mature in 10 years.
a. Calculate the future value of Emerton’s annuity

using the formula A = M

(
(1+ i)n − 1

i

)
. Write

your answer correct to the nearest cent.
b. Emerton’s friend Gilroy decides to invest a sum of

money at the same interest rate and conditions as
Emerton. If the future value of Gilroy’s investment
is the same as Emerton’s, how much does Gilroy
invest? Explain your method.Pdf_Folio:318
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19. After speaking to his financial adviser, Hector wants $275 000 more in his superannuation upon
retirement in 25 years. His super fund is expected to grow at 6% per annum. Hector makes regular and
equal annual contributions to his fund. The following graph shows the future value of Hector’s annuity
for the first 5 years, after speaking to his financial adviser.
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a. Write down Hector’s annual contribution.
b. The value of Hector’s annuity after the second payment is $10 300, correct to the nearest dollar.

Show that Hector’s annuity is growing at 6% p.a. compounded annually.
c. If Hector’s annuity continues to grow at 6% p.a. compounded annually, the value of the annuity after

24 years will be $254 078, correct to the nearest dollar. Calculate the future value of the annuity on
maturity, correct to the nearest dollar.

d. After 10 years, a change to interest rates increases the growth of Hector’s super fund to 7% p.a.
compounded annually. After 24 years, Hector’s super fund is $282 688. How much will be in
Hector’s super fund upon maturity? Write your answer correct to the nearest dollar.

20. Use the perpetuity formula to calculate the interest rate p.a. required for each of the following.
a. $200 000 provides $3500 per annum with interest compounded annually
b. $600 000 provides $25 000 every six months with interest compounded biannually.
c. $350 000 provides $500 per fortnight with interest calculated fortnightly.

21. Use a table of future values to determine the future values of the following annuities.
a. $1250 invested each year for 4 years at 3% p.a. with interest compounded annually
b. $2000 invested every year for 10 years at 7% p.a. with interest compounded annually

22. A sum of money was invested each year at 4% p.a. for 5 years. Upon maturity the value of the annuity
was $3249.78. Calculate the sum of money invested.
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9.5 Review: exam practice
A summary of this chapter is available in the Resources section of your eBookPLUS at
www.jacplus.com.au.

Simple familiar
1. MC An annuity is

A. a form of compound investment.
B. investing for retirement.
C. a single sum investment.
D. regular payments made to an investment which is compounding.

2. MC The future value, of $500 after 2 years invested every 6 months compounding annually at
4% p.a. is:
A. $1506.38. B. $2060.80. C. $3415.60. D. 4001.38.

3. MC The future value of $300 after 1 year invested every 3 months for 1 year at 6% p.a. compounded
quarterly is
A. $1227.27. B. $1010.49. C. $655.32. D. $2114.36.

4. MC If $1000 is invested every year for 5 years at 3% p.a. compounded annually, the future value of the
annuity after the third payment, correct to the nearest dollar, is:
A. $1093. B. $2060. C. $3091. D. $3184.

Use the following information to answers questions 5 & 6 The following recurrence relation
represents the future annuity value of a car loan.

An+ 1 = 1.005An − 375, A0 = 25 450

5. MC The regular payment amount in dollars is
A. $1005. B. $375. C. $25 450. D. $50.

6. MC The future value of the annuity after the first 3 payments is closest to:
A. $30 499. B. $26 100. C. $25 450. D. $24 703.

7. MC Which one of the following recurrence relations represents $1000 invested every 3 months at 7.5%
p.a. compounded quarterly?
A. An+ 1 = 1.075An + 1000, A0 = 1000
B. An+ 1 = 1.018 75An + 1000,A0 = 1000
C. An+ 1 = 1.075An + 250, A0 = 250
D. An+ 1 = 1.018 75An + 250, A0 = 250

8. MC The future annuity value of a $19 500 car loan compounded monthly at 5.75% p.a. with monthly
repayments of $380 after the second payment, correct to the nearest dollar, is
A. $18 740. B. $18 926. C. $19 213. D. $19 861.

9. MC The following recurrence relation determines the future value of an annuity.

An+ 1 = 1.0125An + 450, A0 = 450

Which one of the following shows the values of the annuity, correct to the nearest dollar, after each of
the first 4 payments?
A. 450, 456, 461, 467
B. 450, 900, 1350, 1800
C. 456, 911, 1373, 1840
D. 450, 906, 1367, 1384
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10. MC Grei invests $200 into a fund at the
end of each fortnight for 15 years. The fund
pays 8% p.a. interest compounded fortnightly
(assume 26 fortnights = 1 year). The total amount
of interest, correct to the nearest dollar, that Grei
earns on this investment is
A. $72 410.
B. $78 000.
C. $145 217.
D. $150 410.

11. MC The amount of each annual contribution, correct to the nearest dollar, needed to obtain $150 000 in
12 years at 6% p.a. compounded annually is
A. $8565. B. $8714. C. $8892. D. $11 792.

12. MC Using a table of future values, the future value of $1500 invested for 4 years every six months at 8%
p.a. compounded every six months is
A. $6369.75. B. $6759.15. C. $10 099.05. D. $13 821.30.

Complex familiar
13. A payment of $1500 is being invested at the end of every year at 6% p.a. for 4 years. Complete the table

that shows the future value of the annuity every year for 4 years. Write your answers correct to the
nearest cent.

Payment, n Payment amount ($) Future value ($)

1 1500 1500

2 1500

3 1500

14. For each of the following investments, set up a recurrence relation that represents the value of the
annuity at the end of each payment. (For part c, assume 26 fortnights = 1 year.)
a. $450 invested each month at 5.75% p.a. compounded monthly
b. $2000 invested at the end of each year at 4% p.a. compounded annually
c. $150 invested every fortnight at 6% p.a. compounded fortnightly

15. Using the future value annuity formula, A = M

(
(1+ i)n − 1

i

)
or a table, calculate the future value,

correct to the nearest cent, of each of the following annuities on maturity. (For part d, assume 52 weeks
= 1 year.)
a. $1600 invested at the end of each year for 10 years at 6% p.a. compounded annually
b. $2500 invested at the end of every quarter for 6 years at 8% p.a. compounded quarterly
c. $700 invested at the end of every month for 12 years at 4% p.a. compounded monthly
d. $100 invested at the end of each week for 5 years at 3% p.a. compounded weekly

16. Determine the amount of contribution, correct to the nearest cent, needed to obtain each of the
following.
a. $10 000 in 4 years at 5% compounded annually
b. $250 000 in 20 years at 7% compounded monthly

17. Using the formula PV = M

(
(1+ i)n − 1

r(1+ i)n

)
or a table, determine the present value, correct to the

nearest cent, of an annuity of $3500 per year for 12 years invested at 8% p.a.
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Complex unfamiliar
18. Use a table of present values to determine the present value of each of the following annuities

a. $2000 per year for 6 years at 4% p.a. with interest compounded annually
b. $500 per year for 8 years at 7% p.a. with interest compounded annually

19. A payment of $1000 is invested at the end of each year at 5% p.a. compounded annually.
a. Using technology, determine the future value of the annuity after 4 years
b. Construct a graph that compares the future value of the annuity after 4 years, at an interest rate of

5% p.a. for the following investments.
i. $1000 being invested each year, compounded annually
ii. $500 being invested every 6 months, compounded half-yearly
iii. $250 being invested every 3 months, compounded quarterly

c. Comment on the effect that changing the number of payments has on the future value of the annuity.
20. According to Jett’s financial adviser, over the next 15 years Jett will need to save $275 000 in his super

fund, which grows at 6% p.a. compounded monthly.
a. Calculate Jett’s monthly contributions, correct to the nearest cent.
b. Calculate the present value of the $275 000 matured value at 6% p.a. compounded monthly. Write

your answer correct to the nearest dollar.
c. At the start of the 15 years, Jett decides to sell his rental investment property and invest this money.

How much, in dollars, does he need to sell his property for so that he will have the same amount of
money as his super fund upon maturity? Write your answer correct to the nearest dollar.

21. In 10 years, Billie would like to go on the trip of a lifetime and spend 12 months visiting every
continent. Her travel agent suggests that she will need at least $85 000. Billie makes regular monthly
contributions at the end of each month towards her trip at 5% p.a. compounded monthly.

a. Calculate the monthly contribution, correct to the nearest cent, that Billie needs to make so that she
will have the suggested amount by the end of the 10 years.

b. Billie’s budget allows her to save $800 each month. She invests this money at 5% p.a. compounded
monthly. Determine how much in dollars, correct to the nearest cent, Billie will have for her trip at
the end of the 10 years.

c. Billie makes her monthly payments for 5 years, but then a change in her circumstances means that
she can no longer save $800 each month. Determine the value of her annuity after 5 years. Write your
answer correct to the nearest cent.
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d. After her change in circumstances, Billie can make monthly payments of $200 at the same interest
rate of 5% p.a.
i. Write a recurrence relation that find the future value of Billie’s annuity with the adjusted monthly

payment of $200.
ii. The value of Billie’s annuity, correct to the nearest cent, after 58 payments is $81 734.12. Show

that Billie will have to postpone her trip by 2 months.

Units 3 & 4
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Answers
9 Annuities and perpetuities
Exercise 9.2 Introduction to annuities
1. a. Yes

b. Yes
c. No
d. No

2. a. $2680.19
b. $1757.49
c. $11 488.82
d. $4487.55

3. C
4. $2211.77
5. C
6. $4472.93
7. 1st month: $18 828.96, 2nd month: $18 707.42, 3rd month: $18 585.37, 4th month: $18 462.82
8. B
9.

Payment no. Payment ($) Future value ($)

1 5000 5000.00

2 250 5265.63

3 250 5532.08

4 250 5799.37

5 250 6067.49

6 250 6336.45

7 250 6606.25

10. D
11. a. No regular and equal payments are being made to the compounded investment.

b. This could be an annuity if Annie made regular and equal payments to the compounded investment.
An example to make this an annuity is:
Annie invests $5000 each month at 3.5% p.a. compounded monthly.

12. a. Second payment: FV = 1500 × 1.06+ 1500
Third payment: FV = 3090 × 1.06+ 1500

b. i. The formula does not include the payment of $1500 being made after interest is calculated.
ii. = 1.06 ∗ c2+ b3’

c. Payment 1: $1500, payment 2: $3090.00, payment 3: 4775.40, payment 4: $6561.92, payment 5: $8455.64, payment 6:
$10 462.98, payment 7: $12 590.76, payment 8: $14 846.20, payment 9: $17 236.97, payment 10: $19 771.19

13. a. Sample responses can be found in the worked solutions in the eBookPLUS.
b. How many payments are made each year (annually)
c. Sample responses can be found in the worked solutions in the eBookPLUS.

14. a. Regular weekly payments are made of 9.5% of the employees’ wage.
b. $85.03
c. i = 0.001 25,Q = $85.03

Super fund balance after next weekly contribution: $206 192.34
15. a. $249 296.25

b. 1st payment: $249 296.25, 2nd payment: $248 590.30, 3rd payment: $247 882.15, 4th payment: $247 171.78, 5th payment:
$246 459.19, 6th payment: $245 744.37, 7th payment: $245 027.33, 8th payment: $244 308.04, 9th payment: $243 586.50,
10th payment: $242 862.71, 11th payment: $242 136.65, 12th payment: $241 408.33

c. Regular and equal monthly payments are made.
16. $6764.51
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Exercise 9.3 Using recurrence relations to
model annuities
1. a. An+ 1 = 1.06An + 200,A0 = 200

b. 1st payment: $200, 2nd payment: $412, 3rd payment:
$636.72

2. a. 2.5%
b. $750
c. 1st payment: $750, 2nd payment: $1518.75, 3rd

payment: $2306.72
3. a. An+1 = 1.08An + 1500,A0 = 1500

b. An+1 = 1.02An + 600,A0 = 600
c. An+1 = 1.006 25An + 450,A0 = 450
d. An+1 = 1.023 75An + 600,A0 = 600

4. B
5. C
6. a. $5525.63

b. $4368.06
c. $6591.07

7. A
8. a. $301.50

b. $246 899.38
c. $7120.68

9. a. $1500
b. 6 payments
c. 6%

10. A
11. a. $8684.53

b. i, ii, iii. *See image at foot of the page.
c. If payments are more frequent, the future value of the

annuity increases. Making 4 payments per year results in
a future value of $8880.38, which is $195.85 more than
the result from $2000 once a year and $66.57 more than
the result from $1000 twice a year.

12. a. $1257.79
b. $1414.71
c. $1593.74

Increasing the interest rate increases the future value of
the annuity, with an approximate 5% increase with each
1% increase in interest rate.

13. a. Interest rate = 0.3% per payment period
b. An+ 1 = 1.003An + 1000,A0 = 1000
c. 4th payment: $4018.03, 5th payment: $5030.08

14. a. $400 000
b. Sample responses can be found in the worked solutions

in the eBookPLUS.
c. This is an example of an annuity because there are

regular and equal monthly payments.
d. $399 247.65

15. Sample responses can be found in the worked solutions in
the eBookPLUS.

16. a. $8003.10
b. $72 432.81
c. $2663.47

17. a. 1st payment: FV = $2000 × 1.07+ 2000
2nd payment: FV = $4140 × 1.07+ 2000

b. 1st payment: $2000.00, 2nd payment: $4140.00,
3rd payment: $6429.80, 4th payment: $8879.89,
5th payment: $11 501.48, 6th payment: $14 306.58,
7th payment: $17 308.04, 8th payment: $20 519.61,
9th payment: $23 955.48, 10th payment: $27 632.90,
11th payment: $31 567.20, 12th payment: $35 776.90

18. a. 0.012
b. The number of payment periods per year
c. Sample responses can be found in the worked solutions

in the eBookPLUS.

19. a.
i =

3.25
1200

= 0.002708
After 1st payment: $199 183.60

b. 1st month: $199 183.60, 2nd month: $198 364.99,
3rd month: $197 544.16, 4th month: $196 721.11,
5th month: $195 895.83, 6th month: $195 068.32,
7th month: $194 238.56, 8th month: $193 406.56,
9th month: $192 572.31, 10th month: $191 735.79,
11th month: $190 897.01, 12th month: $190 055.96

c. There are equal and regular monthly payments of $1358.

*11. b. i, ii, iii
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20. a. $6003.05
b. $6288.95
c. $6590.40

Increasing the interest rate increases the future value of
the annuity, with an approximate 4.8% increase for each
1% increase in interest rate.

21. a. 4%
b. An+ 1 = 1.04An + 650,A0 = 650
c. 4th payment: $2760.20, 5th payment: $3520.61

22. a. $125 700
b. Sample responses can be found in the worked solutions

in the eBookPLUS.
c. Anna is making regular and equal fortnightly payments

of $800.
d. $129 124.36

Exercise 9.4 Annuity calculations
1. a. $20 326.23

b. $24 297.37
c. $45 881.32
d. $69 770.03

2. D
3. a. $4524.37

b. $7068.59
c. $1930.08

4. $4067.23
5. $4787.76
6. a. $1324

b. $23 932.35
c. $7503.81
d. $62 953.50

7. A
8. $6918.52
9. a. $1845.09

b. $12 289.20
c. $4455.79
d. $16 604.40

10. D
11. $80 000
12. $275 000
13. a. $1375

b. 8%
14. a. $750

b. $42 000
15. a. 4%

b. 10
c. $6003.05
d. i. $6146

ii. $6144.10
e. The results from the two methods are similar but not the

same ($6146 compared to $6144.10).
16. 5% for 6 years will have a greater value than 6% for 5 years,

as 1.056 > 1.065.
17. a. Sample responses can be found in the worked solutions

in the eBookPLUS.
b. $111 983.30; this means that $111 983.20 invested now

as a single sum investment would have the same future

value as an annuity of $721.51 invested each month for
25 years at 6% p.a. compounded monthly.

18. a. $147 549.74
b. $89 550.77

Method shown in the worked solutions in your
eBookPLUS.

19. a. $5000
b. Sample responses can be found in the worked solutions

in the eBookPLUS.
c. $274 323
d. $33 153

20. a. 1.75%
b. 8.33%
c. 5.2%

21. a. $5229.50
b. $27 632.80

22. $600

Exercise 9.5 Review
1. D
2. B
3. A
4. C
5. B
6. D
7. B
8. B
9. D

10. A
11. C
12. D
13.

Payment, n Payment amount ($) Future value ($)

1 1500 1500.00

2 1500 3090.00

3 1500 4775.40

4 1500 6561.92

14. a. An+ 1 = 1.004 79A+ 450,A0 = 450
b. An+ 1 = 1.04A+ 2000,A0 = 2000
c. An+ 1 = 1.002 308A+ 150,A0 = 150

15. a. $21 089.27
b. $76 054.66
c. $129 104.84
d. $28 042.56

16. a. $2320.12
b. $479.91

17. $26 376.27
18. a. $10 484.20

b. $2985.65
19. a. $4310.13
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c. If payments are more frequent, the future value of the
annuity increases. Making 4 payments per year results in
a future value of $4397.79, which is $29.73 more than
the result of $500 payments twice a year and $87.66
more than the result of a $1000 payment once a year.

20. a. $945.61
b. $112 058
c. Jett will need to sell his rental for $112 058, which is the

present value from part b.
21. a. $547.38

b. $124 215.89
c. $54 404.87
d. i. An+ 1 = 1.004 167A+ 200,A0 = 54 847.47

ii. Sample responses can be found in the worked
solutions in the eBookPLUS.
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