
i
i

“c07ReducingBalanceLoansAnnuitiesAndPerpetuities” — 2018/6/24 — : — page 1 — #1 i
i

i
i

i
i

TOPIC 7
Reducing balance loans, annuities
and perpetuities

7.1 Overview
7.1.1 Introduction
When we invest money with a financial institution the institution
pays us interest because it is using our money to lend to others.
Conversely, when we borrow money from an institution we are
using the institution’s money and so it charges us interest.

In reducing balance loans, interest is usually charged every
month by the financial institution and repayments are made by
the borrower on a regular basis. These repayments nearly always
amount to more than the interest for the same period of time and
so the amount still owing is reduced. Since the amount still owing
is continually decreasing and interest is calculated on the current
balance but debited monthly, the amount of interest charged also
decreases throughout the life of the loan.

This means that less of the amount borrowed is paid off in the early stages of the loan compared to the end.
That is, the rate at which the loan is paid off increases as the loan progresses.

It is possible to have an ‘interest only’ loan account whereby the repayments only equal the interest added
and so the balance doesn’t reduce. This option is available to a borrower who wants to make the smallest
repayment possible.

The theory behind reducing balance loans can also be applied to other situations such as superannuation
payouts, bursaries and scholarships. These payouts are known as annuities. In Australia, all employers must
pay a superannuation contribution to each employee, set at a minimum of 9.5% per annum. Many employees
also make a voluntary contribution to their superannuation fund. Upon retirement, an employee may then take
a pension from their superannuation fund. The larger their superannuation, the greater the interest generated
from their fund.

LEARNING SEQUENCE
7.1 Overview
7.2 Modelling reducing balance loans with recurrence relations
7.3 Solving problems involving reducing balance loans using a Finance Solver
7.4 The effect of rate and repayment changes on reducing balance loans
7.5 Annuities and perpetuities
7.6 Annuity investments
7.7 Review: exam practice

Fully worked solutions for this topic are available in the Resources section of your eBookPLUS at
www.jacplus.com.au.
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7.1.2 Kick off with CAS
Finance Solver
As we saw in the previous topic, we can use CAS to solve finance problems. In this topic we will explore
more complex financial problems, which involve many iterations. These can be solved using the CAS finance
function called Finance Solver.

A reducing balance loan has regular repayments made during the life of the loan, with the interest being
charged on the reducing balance of the loan. We can use the Finance Solver to find the amount still owing at
any point during the life of a reducing balance loan.
1. Sylvia borrowed $15 000 exactly 2 1

2 years ago, with regular monthly repayments of $435. Interest is
charged at 6.6% p.a. (adjusted monthly). Use CAS to calculate how much is still owing on Sylvia’s loan.

2. Juliana is repaying a $3500 loan over 3 years with monthly instalments at 7.2% p.a. (adjusted monthly).
Use CAS to determine how much Juliana’s monthly repayments.

3. Calculate the answers to questions 1 and 2 using Finance Solver on your CAS.
4. Mohammed is repaying a $40 000 loan of 12 years with quarterly instalments at 6.3% p.a. (adjusted

quarterly). How much does Mohammed still owe after 4 years?
5. Georgio took out a $22 000 loan with interest charged at 7.8% p.a. (adjusted monthly). He has made

regular monthly repayments of $440.33. If he still owes $14 209.88, how long ago was the loan taken out?

Please refer to the Resources tab in the Prelims section of your eBookPLUS for a comprehensive step-by-step guide on
how to use your CAS technology.
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7.2 Modelling reducing balance loans with
recurrence relations
7.2.1 Recurrence relations of the form V0 = a, Vn+1 = RVn ± d
In Topic 5, we looked at writing a sequence as a recurrence relation. These sequences were expressed as either
linear sequences or geometric sequences. Many situations can be modelled using a combination of geometric
and linear recurrence relations.

These can be expressed in the form of V0 = a, Vn+1 = RVn±d, where V0 is the initial term,Vn is the nth term

of the sequence, r is the percentage increase or decrease, R = 1 ±
r

100
and d is the value added or subtracted.

WORKED EXAMPLE 1

The population of a small town is known to have a consistent increase in population of 3.5% each
year. The population of the town at the beginning of 2018 is 23 500 people. A large factory in the
town announces in 2018 that it needs to relocate 250 people in its workforce at the end of each year
for the next 3 years.
Write a recurrence relation to describe this situation.a.

Use your calculator to determine the population of the town at the end of 2020.b.

Have the relocations at the factory in the three years caused the population to decrease from the
23 500 people at the beginning of 2018?

c.

THINK WRITE

a. 1. State the initial values for V0, r, R and d. a. V0 = 23500
r = 3.5% = 0.035
R = 1 + 0.035 = 1.035
d = 250

2. Write the general form of the recurrence
relation.
The percentage is increasing so

R = 1 +
3.5
100

= 1.035.

250 is subtracted as this many people are
being relocated.

V0 = a, Vn+1 = RVn ± d

3. Substitute the values for V0, r, R and d. V0 = 23 500, Vn+1 = 1.035Vn − 250

b. 1. On a calculator screen, type 23 500,
press ENTER/EXE, then type
×1.035 − 250
Continue to press ENTER/EXE 3 times.

23500 23500
23500 × 1.035 − 250 24072.5
24072.5 × 1.035 − 250 24665.04
24665.04 × 1.035 − 250 25278.31

2. Write the answer. At the end of 2020 the population of the town is
25 278 people to the nearest whole number.

c. Write the answer. The population has continued to increase from a
population of 23 500 at the beginning of 2018 to a
population of 25 278 at the end of 2020.
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7.2.2 Modelling reducing balance loans with a recurrence relation
A recurrence relation can be used to model a reducing balance loan.

V0 = a, Vn+1 = RVn − d
Where,
V0 is the intial amount borrowed
Vn is the balance of the loan after n payments

R = 1 +
r

100
(r is the interest rate per compounding period)

d is the payment made per compounding period.

WORKED EXAMPLE 2

A loan of $2500 is taken out at a rate of 7.5% p.a. (interest compounded monthly) and is to be paid
back monthly with instalments of $509.42.
Write a recurrence relation to describe this situation.a.

Use your calculator to determine the number of monthly repayments needed to pay off this loan.b.

THINK WRITE

a. 1. State the initial values for V0, r, R and d. a. V0 = 2500

r =
7.5
12

= 0.625

R = 1 +
0.625
100

= 1.006 25

d = 509.42

2. Write the general form of the recurrence
relation.

V0 = a, Vn+1 = RVn − d

3. Substitute in the values for V0, r, R and d. V0 = 2500, Vn+1 = 1.006 25Vn − 509.42

b. 1. On a calculator screen, type 2500, press
ENTER/EXE and then type
×1.006 25 − 509.42.
Continue to press ENTER/EXE until the
output is less than 0.
Count the number of iterations of the
recurrence relation until the balance is less
than 0.

2500 2500
2500 × 1.00625 − 509.42 2006.21
2006.21 × 1.00625 − 509.42 1509.32
1509.32 × 1.00625 − 509.42 1009.34
1009.34 × 1.00625 − 509.42 506.23
506.23 × 1.00625 − 509.42 −0.03

2. Write the answer. After 5 months the account balance reads
−0.03, so it would take 5 months to pay off
the loan.
Note: As the above calculations have been
rounded to two decimal places, this can
impact on the final balance. If there was an
over payment of 3 cents, the final payment
would be adjusted by 3 cents.
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7.2.3 Amortisation of a reducing balance loan using a table
The process of paying off a loan by regular payments over a period of time is known as amortisation. The
amortisation of a loan can be tracked on a step-by-step basis by following the payments made, the interest
added and reduction in the principal. For each payment period, an amortisation table provides your loan
balance, interest charges on your loan, and the amount of principal that you pay off.

Consider an amortisation table for Worked example 2 at previous page.
• The scheduled payment of $509.42 remains fixed.
• The interest rate of 0.625% per month remains fixed.
• The interest is calculated on the previous month’s balance.
• The principal reduction is the Scheduled payment – interest for that month.
• The balance of the loan is the Previous month’s balance – principal reduction.

Payment
number
(n)

Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 2500.00

1 509.42 0.006 25 × 2500 = 15.63 509.42 − 15.63 = 493.80 2500 − 493.80 = 2006.20

2 509.42 0.006 25 × 2006.20 = 12.54 509.42 − 12.54 = 496.88 2006.20 − 496.88 = 1509.32

3 509.42 0.006 25 × 1509.32 = 9.43 509.42 − 9.43 = 499.99 1509.32 − 499.99 = 1009.33

4 509.42 0.006 25 × 1009.33 = 6.31 509.42 − 6.31 = 503.11 1009.33 − 503.11 = 506.22

5 509.42 0.006 25 × 506.22 = 3.17 509.42 − 3.17 = 506.25 506.22 − 506.25 = −0.03

WORKED EXAMPLE 3

Sharyn takes out a loan of $5500 at 8% p.a. to pay for solar heating for her pool. The loan is to be
paid back half-yearly in instalments of $1515.20. The incomplete amortisation table for this loan
is below.
What is the interest rate per payment period?a.

How much of the first payment of $1515.20 is interest?b.

What is the balance of the loan after two payments have been made?c.

What is the principal reduction after 3 payments have been made?d.

What is the total interest paid on this loan?e.

What should be the amount of the final payment to ensure a balance of zero at the end of the
loan period?

f.

Payment number (n) Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 5500.00

1 1515.20 1295.20 4204.80

2 1515.20 168.19 1347.01

3 1515.20 114.31 1456.90

4 1515.20 58.28 1456.92 −0.02

THINK WRITE

a. 1. Write the value of the annual interest rate. a. Annual interest rate = 8%

2. Calculate the half-yearly interest rate. Half-yearly interest rate =
8
2
= 4%
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3. Write the answer. The interest rate per payment period
is 4%.

b. 1. Calculate 4% of $5500. b. 0.04 × 5500 = 220

2. Write the answer. The interest component of the first
payment is $220.

c. 1. The balance of the loan after two payments have
been made is the previous balance less the balance
reduction.

Previous balance − balance reduction
= 4204.80 − 1347.01
= 2857.79

2. Write the answer. The balance of the loan after two
payments have been made is
$2857.79.

d. 1. Principal reduction = payment – interest 1515.20 − 114.31 = 1400.89

2. Write the answer. The principal reduction after
3 payments is $1400.89.

e. 1. The total interest paid is the sum of all interest
payments.

2. Write the answer. The total interest paid is $560.78.

f. 1. The last payment results in an over payment of
2 cents.

The last payment should be $1515.18.

Unit 3 AOS R&FM Topic 2 Concept 8

Reducing balance loans Summary screen and practice questions

Exercise 7.2 Modelling reducing balance loans with recurrence
relations

1. WE 1 The enrolment numbers at a school have been growing steadily at a rate of 1.5% per annum for a
number of years. The school decides to accept a further 50 international students every year. The total
number of enrolments at the beginning of 2018 is 565 students.
a. Write a recurrence relation to describe this situation, where Vn is the enrolment number after n years.
b. Use your calculator to determine the total number of enrolments at the end of 2020.
c. How many new students enrol at the school in 2019?

2. At a child care centre, the sand in the sand pit decreases on average by 35% every year. The centre has a
standing order with the local garden supplier to top up the sand by 1.5 m3 once a year.The following
recurrence relation can be used to model this situation, where An is the amount of sand in the sand pit
after n years.

A0 = 3.5, An+1 = 0.65An + 1.5

a. What is the initial amount of sand in the sand pit?
b. How much sand will be in the sand pit after 4 years?
c. How many years before the sand in the sand pit will exceed 4 m3?

6 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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3. MC The recurrence relation, P0 = 100 00, Pn+1 = 1.03Pn − 250 will generate a sequence that
A. is an example of linear decay.
B. is an example of geometric growth.
C. is an example of both geometric growth and linear growth.
D. is an example of both geometric growth and linear decay.
E. is an example of both geometric decay and linear decay.

4. WE 2 A loan of $15 000 is taken out at a rate of 12.5% p.a. (interest compounded half-yearly) and is to be
paid back half-yearly with $3074.44 instalments.
a. Write a recurrence relation to describe this situation.
b. Use your calculator to determine the number of half-yearly repayments needed to pay off this loan.

5. Nadjme invests $1500 with interest paid at a rate of 5.5% p.a. (interest compounded monthly) and each
month she adds another $200 from her monthly pay to her investment.
a. Write a recurrence relation to describe this situation.
b. Use your calculator to determine the balance of her investment after 5 months.

6. WE 3 Sourav takes out a loan of $2400 at 9% p.a. to buy a new lap top. The loan is to be paid back
monthly in instalments of $489.64. The incomplete amortisation table for this loan is below.

Payment number (n) Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 2400.00

1 489.64 471.64 1928.36

2 489.64 14.46 475.18 1453.18

3 489.64 10.90 478.74

4 489.64 7.31 492.11

5 489.64 3.69 485.95

a. What is the interest rate per payment period?
b. How much of the first payment of $489.64 is interest?
c. What is the balance of the loan after three payments have been made?
d. What is the principal reduction after 4 payments have been made?
e. What is the total interest paid on this loan?
f. What is the balance left at the end of 5 months to pay out the loan?

7. A loan of $25 000 is taken out over 10 years at a rate of 5.5% p.a. (interest debited monthly) and is to be
paid back monthly with $271.32 instalments. Complete the table below for the fourth payment.

Payment number (n) Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 25 000.00

1 271.32 114.58 156.74 24 843.26

2 271.32 113.86 157.46 24 685.80

3 271.32 113.14 158.18 24 527.62

4 271.32

TOPIC 7 Reducing balance loans, annuities and perpetuities 7
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8. Paul wa nted to buy a new road bike so he took out a $10 000 loan over 6 years
at a rate of 8% p.a. (interest debited quarterly) to be paid back quarterly with
instalments of $528.71. Complete the table below for the first three payments and
state how much interest he has paid and how much he owes at the end of this time.

Payment
number (n)

Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 10000.00

1 528.71

2 528.71

3 528.71

9. Kali took out a loan for $23 000 to pay for her wedding over 7 years
at a rate of 6.5% p.a. (interest debited monthly), which is to be paid
back monthly with instalments of $341.54.
a. Write down a recurrence relation to model this loan.
b. Use your recurrence relation to find how much Kali

owes after her third payment was made.
10. Noah took out a personal loan of $2000 to buy a new air conditioning

unit, with the loan having an interest rate of 12% p.a.
He will repay the loan with 8 equal monthly payments of $261.
a. Write down a recurrence relation to model this loan.
b. Use the recurrence relation to determine how much is still owed

after 4 months (4 payments).
c. Is the loan paid out exactly after 8 months? If not, how much

will Noah need to add to the last payment to fully repay the loan?
11. Link borrows $18 000, taken out over 2 years and to be repaid in monthly instalments. (Note: As the

interest rate increases, the monthly repayment increases if the loan period is to remain the same.) Find
the amount still owing after 5 months if interest is debited monthly at a rate of:
a. 6% p.a. and the repayment is $532.90
b. 9% p.a. and the repayment is $608.04
c. 12% p.a. and the repayment is $688.66.

12. MC Nithya wants to borrow $8000 for a second-hand
car and her bank offers her a personal loan for that
amount at an interest rate of 13% p.a., interest debited
fortnightly, with fortnightly repayments of $124.11
over 3 years. After 8 weeks she still owes
A. $7315.23
B. $7402.32
C. $7227.69
D. $7488.99
E. $6899.45

8 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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13. MC Ben took out a loan for $20 000 for a small start-up business at 16.5% p.a.. The contract required
that he repay the loan over 5 years with monthly instalments of $421.02. After 8 months Ben still owes

$12 344.05A. $14 7661.22B. $9653.13C.
$19 001.67D. $18 774.05E.

7.3 Solving problems involving reducing balance
loans using a Finance Solver
In the previous section, recurrence relations were used to help solve reducing balance loan problems. The
iterative process is a very simple way of generating the terms in a recurrence relation. There are limitations
to this method as repeating the same process for a loan taken out monthly for 5 years, is equivalent to 60
iterations. The Finance Solver application on your CAS calculator can be used to solve problems where it is
impractical to use the recurrence relation.

The Finance Solver application on the CAS calculator has a particular set of fields, similar to those in the
following table.

N The total number of repayment periods

I% The interest rate per annum

PV The initial value of the loan – this is positive as the money is coming to you

PMT (Pmt) The periodic payment – this is negative if you are repaying a loan

FV The future value of the loan – positive, negative or zero.

P/Y (PpY) The number of payment periods in a year

C/Y (CpY) The number of compounding periods in a year (nearly always the same as P/Y)

Remember:
When entering values into the Finance Solver, pay particular attention to the sign of the values.
Cash flowing towards you is considered to be positive, cash flowing away from you is considered to be

negative.
The values of N, I, P/Y and C/Y are always positive but particular attention must be paid to the signs of PV,

PMT and FV.
If you have taken out a loan then that is a positive number. (Consider it as money coming to you.)
If you have to make a payment that is a negative number. (Consider this as money leaving you.)
If the FV is
• negative then there is still money to be paid
• zero then the loan has been paid out
• positive then the borrower has overpaid.
Fill in all the fields except the unknown field, place your cursor in that field and press ENTER/EXE.

WORKED EXAMPLE 4

A loan of $50 000 is taken out over 20 years at a rate of 6% p.a. (interest debited monthly) and
is to be repaid with monthly instalments of $358.22. Find the amount still owing after 10 years.
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THINK WRITE

1. Using Finance Solver on your CAS calculator enter the
appropriate values into the fields.

N 120 The number of payments
for 10 years at 12 interest
calculations per year.

I% 6 The annual interest rate

PV 50 000 The value of the loan

PMT (Pmt) −358.22 The repayment per month

FV ? This is the unknown
value, place the cursor
in this cell.

P/Y (PpY) 12 There are 12 payments
per year.

C/Y (CpY) 12 There are 12
compounding periods per
year.

Press ENTER or Tap Solve.

N = 120 payments
I = 6% p.a.

Amount borrowed = $50 000
Repayment per month = $358.22

2. Write the answer. The balance of the loan after
10 years is $32 264.98.

TI | THINK WRITE CASIO | THINK WRITE

1. On a Calculator page,
press MENU
8: Finance
1: Finance Solver
Complete the fields as
shown, place the cursor
in the field marked FV
and then press ENTER.

1. On the Financial screen,
tap Compound Interest.
Complete the fields as shown,
place the cursor in the field marked
FV and then tap Solve.

2. The answer appears on
the screen.

The balance of the loan after
10 years is $32 264.98.

2. The answer appears on the screen. The balance of the
loan after 10 years
is $32 264.98.

Note that, even though 10 years is the halfway point of the term of the loan, more than half of the original
$50 000 is still owing.

7.3.1 Number of repayments
The situation often arises in reducing balance loans when a potential borrower knows how much needs to be
borrowed as well as the amount that can be repaid each month. The person then wants to know how long the
loan needs to be to accommodate these conditions. The number of repayments, N, can be calculated using the
Finance Solver on the CAS calculator.

10 Jacaranda Maths Quest 12 Further Mathematics VCE Units 3 & 4 Sixth Edition
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WORKED EXAMPLE 5

Rob wants to borrow $2800 for a new sound system at 7.5% p.a., interest adjusted monthly.

What would be Rob’s monthly repayment if the loan is fully repaid in 1
1
2
years?a.

What would be the total interest charged?b.

THINK WRITE

a. 1. Using Finance Solver on your CAS calculator enter
the appropriate values into the fields.

N 18 The number of payments

for 1
1
2

years at 12 interest

calculations per year.

I% 7.5 The annual interest rate

PV 2800 The value of the loan

PMT (Pmt) ? This is the unknown value,
place the cursor in this
cell.

FV 0 Fully paid means a future
value of zero.

P/Y (PpY) 12 There are 12 payments
per year.

C/Y (CpY) 12 There are 12
compounding periods per
year.

Press ENTER/Tap Solve.

a. N = 18 payments
I = 7.5% p.a.
Amount borrowed = $2800
Future value = 0

2. Write a statement. The monthly regular payment is
$164.95 over 18 months.

b. 1. Total interest = total repayments
− amount borrowed

b. Total interest = 164.95 × 18 − 2800
= 2969.10 − 2800
= $169.10

2. Write a statement. The total interest on the $2800 loan
over 18 months is $169.10.

TI | THINK WRITE CASIO | THINK WRITE

a. 1. On a Calculator page,
press MENU
8: Finance
1: Finance Solver
Complete the fields as
shown, place the cursor
in the field marked Pmt
and then press ENTER.

a. 1. On the Financial screen,
tap Compound Interest.
Complete the fields as shown,
place the cursor in the field marked
PMT and then tap Solve.

2. The answer appears on
the screen.

The monthly repayment is
$164.95.

2. The answer appears on the screen. Rob’s monthly
repayment would
be $164.95.

TOPIC 7 Reducing balance loans, annuities and perpetuities 11
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WORKED EXAMPLE 6

Josh borrows $12 000 for some home office equipment. He agrees to repay the loan over 4 years
with monthly instalments at 7.8% p.a. (adjusted monthly). Find:
the instalment valuea.

the principal repaid and interest paid during the 10th repayment.b.

THINK WRITE

a. 1. Using Finance Solver on your CAS enter the
appropriate values:

N 48 The number of payments
for 10 years at 12 interest
calculations per year.

I% 7.8 The annual interest rate

PV 12 000 The value of the loan

PMT (Pmt) ? This is the unknown value,
place the cursor in this
cell.

FV 0 The loan is paid out so
the future value is zero.

P/Y (PpY) 12 There are 12 payments
per year.

C/Y (CpY) 12 There are 12
compounding periods per
year.

a. N = 48 payments
I = 7.8% p.a.
Amount borrowed = $12 000
Future value = 0

2. Write a statement. The monthly repayment over a 4-year
period is $291.83.

b. 1. Find the amount owing after 9 months.

N 9

I% 7, 8
PV 12 000

PMT (Pmt) −291.83

FV ? place the cursor in this cell.

P/Y (PpY) 12

C/Y (CpY) 12

Press ENTER/Tap Solve.

b. 1. N = 9
I = 7.8% p.a.
Amount borrowed = $12 000
Payment per month = $291.83

2. Write the amount owing after 9 months. Amount owing after 9 months is
$10 024.73.

3. Find the amount owing after 10 months. Change
N = 9 to N = 10 and press ENTER/Tap Solve.

Amount owing after 10 months is
$9798.06.
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4. Principal repaid = V9 − V10

Amount owing ofter 9 months less the amount
owing after 10 months.

Principal repaid = 10 024.73 − 9798.06
= $226.67

5. Interest paid = repayment − principal repaid Total interest = $291.83 − 226.67
= $65.16

6. Write a statement. In the 10th repayment, $226.67 principal
is repaid and $65.16 interest is paid.

Sometimes we may want to find the time for only part of the loan term. The procedure that is followed is
the same as in Worked example 5; however, Vn is zero only if we are calculating the time to repay the loan in
full. Otherwise we should consider the amount still owing at that time.

WORKED EXAMPLE 7

Some time ago, Petra borrowed $14 000 to buy a car. Interest on this reducing balance loan has
been charged at 9.2% p.a. (adjusted monthly) and she has been paying $446.50 each month to
service the loan. Currently she still owes $9753.92. How long ago did Petra borrow the money?

THINK WRITE

1. Enter the following values into Finance Solver on your CAS:

N ? place the cursor in this cell.

I% 9.2

PV 14000

PMT (Pmt) −446.50

FV −9.753.92

P/Y (PpY) 12 (monthly payment)

C/Y (CpY) 12 (monthly compounds)

2. Press ENTER/Tap Solve. N = 11.999 995 037 662

3. Interpret the results. N = 12 months
Time = 1 year

4. Write a statement. Petra has had the loan for
the past 12 months.

WORKED EXAMPLE 8

A loan of $11 000 is being repaid by monthly instalments of $362.74 with interest being charged at
11.5% p.a. (debited monthly). Currently, the amount owing is $7744.05. How much longer will it
take to:
reduce the amount outstanding to $2105.11a.

repay the loan in full?b.
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THINK WRITE

a. 1. Using the Finance Solver on your CAS, enter the following
values:

N ? place the cursor in this cell.

I% 11.5

PV 7744.05

PMT (Pmt) −362.74

FV −2105.11

P/Y (PpY) 12

C/Y (CpY) 12

2. Press Enter/Tap Solve. N = 17.999 988 603 29

3. Interpret the results and write a statement. N = 18 months
It will take another

1
1
2

years to reduce the

amount owing to
$2105.11.

b. 1. Repeat part a, entering the appropriate values into Finance
Solver. Enter FV: = 0 to represent the loan is fully repaid.

b. N = 23.999 534 856 457
= 24 months

2. Write a statement. It will take another 2 years
to repay the loan in full.

 
7.3.2 Effects of changing the repayment
Since most loans are taken over a long period of time it is probable that a borrower’s financial situation will
change during this time. For instance, a borrower may receive a pay rise and so their take-home pay is greater
per week or fortnight. The person may then choose to increase the value of the repayments made to service
the loan.

It may also be that a person’s financial situation deteriorates, in which case he/she may request from their
financial institution that the repayment value be decreased and the loan period subsequently extended.

In this section we will look at the effect that changing the repayment value has on the term of the loan and
the total interest paid.

WORKED EXAMPLE 9

A reducing balance loan of $16 000 has a term of 5 years. It is to be repaid by monthly instalments
at a rate of 8.4% p.a. (debited monthly).
Find the repayment value.a.

What will be the term of the loan if the repayment is increased to $393.62?b.

Calculate the total interest paid for repayments of $393.62.c.

By how much does the interest figure in c differ from that paid for the original offer?d.
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THINK WRITE

a. 1. Using Finance Solver on your CAS, enter the
following values:

N 60

I% 8.4
PV 16 000

PMT (Pmt) unknown

FV 0

PpY 12

CpY 12

a.

2. Press Enter/Tap Solve. Pmt = 327.49

3. Write a statement. $16 000 to be paid off in 5 years at 8.4% p.a.
will need monthly repayments of $327.49.

b. 1. Using Finance Solver on your CAS, enter the
following values:

N ? place the cursor in this cell.

I% 8.4
PV 16 000

PMT (Pmt) −393.62

FV 0

P/Y (PpY) 12

C/Y (CpY) 12

b.

2. Solve for N. N = 47.999 695 088 867

3. Interpret the results. N = 48 months

Time =
48
12

years

= 4 years

Write a statement. The new term of the loan would be 4 years.

c. Interest paid =
total repayments − principal repaid

c. When term = 4 years, d = 393.62.
Interest = 48 × 393.62 − 16 000

= $2893.76

d. 1. (a) Review the known quantities.
(b) Find the interest difference.

d. When term = 5 years, d = 327.49.
Interest = 60 × 327.49 − 16 000

= $3649.40
Interest difference = 3649.40 − 2893.76

= $755.64

2. Write a statement. If the repayment is increased from $327.49 to
$393.62 per month then $755.64 is saved in
interest payments.

If a borrower does increase the value of each repayment and if all other variables remain the same, then
the term of the loan is reduced. Conversely, a decrease in the repayment value increases the term of the loan.
Consequently there are two stages to the loan, each with a different repayment.
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WORKED EXAMPLE 10

Brad borrowed $22 000 to start a business and agreed to repay the loan over 10 years with
quarterly instalments of $783.22 and interest debited at 7.4% p.a. However, after 6 years of the
loan Brad was struggling to meet his repayments and decided to decrease the repayment value to
$648.68. Find:
the actual term of the loana.

the total interest paidb.

the extra cost incurred by decreasing the repayment value.c.

THINK WRITE

a. 1. To find how much is left on the loan
after 6 years:
Using Finance Solver on your CAS,
enter the following values:

N 24

I% 7.4

PV 22000

PMT (Pmt) −783.22

FV ?

P/Y (PpY) 4

C/Y (CpY) 4

a. N = 24
Interest rate = 7.4% p.a.

The amount borrowed = $22 000
The quarterly repayment = $783.22
FV = $10 761.83

2. Write a statement. At the end of 6 years, the balance of the loan is
$10 761.83.

3. Now find the N value to reduce
$10 761.83 to zero; that is, the
remaining part of the loan.

Balance is $10 761.88 and the repayments are
$648.68.

4. Using Finance Solver, enter the
appropriate values.

N unknown

I% 7.4

PV 10 761.9

PMT (Pmt) −648.68

FV 0

P/Y (PpY) 4

C/Y (CpY) 4

5. Solve for N. N = 19.999 770 539 209

6. Interpret the results. N = 20 quarters
Time = 5 years

7. Find the total term of the loan. Total term = 6 + 5
= 11 years
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b. For the two-repayment scenario:
Interest paid =
total repayments − principal repaid
In this case, in two stages.

b. For the two-repayment scenario:
Interest = 783.22 × 24 + 648.68 × 20 − 22 000

= $9770.88

c. 1. For the same repayment scenario:
d = 783.22 for 10 years.

c. For the same repayment scenario:
Interest = 783.22 × 40 − 22 000

= $9328.80

2. Find the difference between the two
scenarios.

Interest difference = 9770.88 − 9328.80
= $447.08

3. Write a statement. Brad has added $447.08 in interest by decreasing
his repayment amount.

 Exercise 7.3 Solving problems involving reducing balance loans
using a Finance Solver

1. WE 4 A loan of $65 000 is taken out over 20 years at a rate of 12% p.a. (interest debited monthly) and is
to be repaid with monthly instalments of $715.71. Find the amount still owing after:

5 yearsa. 10 yearsb. 15 years.c.

2. A loan of $52 000 is taken out over 15 years at a rate of 13% p.a. (interest debited fortnightly) and is to
be repaid with fortnightly instalments of $303.37. Find the amount still owing after:

4 yearsa. 8 yearsb. 12 years.c.

3. WE 5 Macca wants to borrow $3500 to buy a motorbike at 6.8% p.a., interest adjusted monthly.
a. What would be Macca’s monthly repayment if the loan is fully repaid in 2 years?
b. What would be the total interest charged?

4. Willow wants to borrow $2400 for a new computer at 6.3% p.a., interest adjusted monthly.
a. What would be Willow’s monthly repayment if the loan is fully repaid in 2 years?
b. What would be the total interest charged?

5. WE 6 Grace has borrowed $18 000 to buy a car. She agrees to repay the reducing balance loan over
5 years with monthly instalments at 8.1% p.a. (adjusted monthly). Find:
a. the instalment value
b. the principal repaid and the interest paid during:

the 10th repaymenti.

the 50th repayment.ii.

6. Sarah borrows $8000 for an overseas holiday. She agrees to repay the
loan over 4 years with monthly instalments at 6.8% p.a. (adjusted
monthly). Find:
a. the instalment value.
b. the principal repaid and interest paid during the:

10th repaymenti.

40th repayment.ii.

7. Jim has a reducing balance loan of $3500 that he is using for a holiday and has agreed to repay it by
monthly instalments of $206.35 at a rate of 7.6% p.a. (interest debited monthly). Find:
a. the number of repayments needed to repay in full and this time in years
b. the total interest charged.
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8. WE 7 Simon borrowed $8000. Interest on this reducing balance loan has been charged at 8.7% p.a.
(adjusted monthly) and he has been paying $368.45 each month to service the loan. Currently he still
owes $5489.56. How long ago did Simon borrow the money?

9. Aditya borrowed $11 000. Interest on this reducing balance loan has been charged at 6.5% p.a.
(adjusted monthly) and he has been paying $409.50 each month to service the loan. Currently he still
owes $5565.48. How long ago did Aditya borrow the money?

10. A loan of $2400 is taken out with a reducing balance interest rate of 4.5% per annum with interest
debited monthly. The borrower wishes to pay instalments of $154.82 per month. What, correct to the
nearest month, would be the term of such a loan?

11. WE 8 A loan of $15 000 is being repaid by monthly instalments of $423.82 with interest being charged
at 11.5% p.a. (debited monthly). Currently, the amount owing is $8357.65. How much longer will it
take to:

reduce the amount outstanding to $2450.15a. repay the loan in full?b.

12. A loan of $9000 is being repaid by monthly instalments of $273.56 with interest being charged at 8.8%
p.a. (debited monthly). Currently, the amount owing is $6900.86. How much longer will it take to:

reduce the amount outstanding to $1670.48a. repay the loan in full?b.

13. WE 9 A reducing balance loan of $18 000 has a term of 5 years. It is to be repaid by monthly
instalments at a rate of 7.8% p.a. (debited monthly).
a. Find the repayment value.
b. What will be the term of the loan if the repayment is increased to $390.50?
c. Calculate the total interest paid for repayments of $390.50.
d. By how much does the interest figure in c differ from that paid for the original offer?

14. A reducing balance loan of $25 000 has a term of 5 years. It is to be repaid by fortnightly instalments at
a rate of 6.5% p.a. (debited fortnightly).
a. Find the repayment value.
b. What will be the term of the loan if the repayment is increased to $245?
c. Calculate the total interest paid for repayments of $245.
d. By how much does the interest figure in c differ from that paid for the original offer?

15. WE 10 James borrowed $21 000 for some home renovations and agreed to pay the loan over 7.5 years
with quarterly instalments of $899.41 and interest debited at 6.8% p.a. However, after 6 years of the
loan James decided to decrease the repayment value to $685.05. Find:
a. the actual term of the loan
b. the total interest paid
c. the interest savings achieved by increasing the repayment value.

16. Gabriel borrowed $17 000 for some new furniture and agreed to pay the loan over 8 years with quarterly
instalments of $670.29 and interest debited at 5.9% p.a. However, after 6 years of the loan Gabriel
decided to increase the repayment value to $1724.02. Find:

a. the actual term of the loan
b. the total interest paid
c. the extra interest charged by decreasing the repayment value.

17. Aimee has borrowed $5500 for some new outdoor furniture.
She is to repay the reducing balance loan by quarterly instalments
of $861.29 with interest debited quarterly at 9.4% p.a. Find:
a. how long it will take Aimee to repay the loan in full
b. the total interest charged.

18. Melpomeni’s loan of $22 000 was taken out some time ago. Interest has been charged at 7.8% p.a.
(adjusted monthly) and monthly repayments of $443.98 have serviced the loan. If the amount still
owing is $14 209.88:

how long ago was the loan taken outa. what was the term of the loan?b.
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19. Some time ago, Elizabeth took out a loan of $25 000. Interest has been charged at 10.5% p.a. (adjusted
monthly) and monthly repayments of $537.35 have serviced the loan. If the amount still owing is
$11 586.64:

how long ago was the loan taken outa. what was the term of the loan?b.

20. MC A reducing balance loan of $80 000 is taken out at 7.9% p.a. (adjusted monthly) to finance the
purchase of a boat. It is to be repaid with monthly instalments of $639.84. The loan will be paid in
full in:

10 yearsA. 15 yearsB. 20 yearsC. 22 yearsD. 25 yearsE.
21. Gila’s reducing balance loan of $9000 is to be repaid by monthly instalments of $230.43 with interest

charged at 10.5% p.a. (debited monthly).
a. Currently, the amount owing is $8069.78. How much longer will it take to:

reduce the amount owing to $3822.20i.

repay the loan in full?ii.

b. Some time later the amount owing has fallen to $3226.06. How much longer will it take to:
reduce the amount owing to $1341.23i.

repay the loan in full?ii.

22. Megan wanted to borrow $50 000 and was offered a reducing balance loan over 20 years at 6.9% p.a.
(adjusted monthly) with monthly instalments.
a. What will be the monthly repayment value?
b. What would be the term of the loan if instead the repayment was:

i. increased to $577.97
ii. increased to $486.33
iii. decreased to $361.85
iv. decreased to $352.90?

c. In each case in b above, calculate the total interest paid.
d. For each case above, calculate the interest difference from the original offer.

23. Jack borrowed $20 000 and agreed to repay the loan over 10 years with quarterly instalments of $750.48
with interest debited quarterly at 8.6% p.a. However, after 5 years he decided to increase the repayment
value. Find:
i. the actual term of the loan
ii. the total interest paid
iii. the interest saving achieved by increasing the repayment if the quarterly repayment was increased to:

$901.48a. $1154.34.b.

24. MC Robin borrowed $25 000 and agreed to repay this reducing balance loan over 10 years with
quarterly instalments of $975.06, interest being charged at 9.5% p.a. After 4 years Robin increased her
repayment value to $1167.17. The term of her loan will be closest to:

6 yearsA. 7 yearsB. 8 yearsC. 9 yearsD. 10 yearsE.
25. A loan of $25 000 is repaid in 2 stages over 8 3

4 years with quarterly instalments. For the first 4 years the
repayment was $975.06 and was increased to $1167.17 for the remaining time. The total amount of
interest charged would be closest to:

$9000a. $10 000b. $11 000c. $12 000d. $13 000e.

26. Anne is repaying a $26 000 loan over 8 years with monthly instalments of $383.61 at 9.2% p.a., debited
monthly on the outstanding balance. She has made 2 years’ worth of repayments but would like to repay
the loan in full in the next 5 years. Find:
a. the amount that she still owes
b. the monthly repayment value needed to repay in full.
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7.4 The effect of rate and repayment changes on
reducing balance loans
7.4.1 Frequency of repayments
In this section we investigate the effect on the actual term of the loan and on the total amount of interest
charged by making more frequent repayments. While the value of the repayment will change, the actual
outlay will not. For example, a $3000 quarterly (every 3 months) repayment will be compared to a $1000
monthly repayment. That is, the same amount is repaid during the same period of time in each case. So the
only variable will be how often repayments are made. In all cases in this section interest will be charged just
before a repayment is made, although this may not be the case in practice.

WORKED EXAMPLE 11

Tessa wants to buy a dress shop. She borrows $15 000 at 8.5% p.a. (debited prior to each
repayment) of the reducing balance. She can afford quarterly repayments of $928.45.
One-third of the quarterly repayment of $928.45 gives the equivalent monthly repayment of

$309.48. The equivalent fortnightly repayment is $142.84.
Find:
the term of the loan and the amount still owing prior to the last payment if Tessa made payments
monthly.

a.

the term of the loan and the amount still owing prior to the last payment if Tessa made payments
fortnightly.

b.

THINK WRITE

a. 1. Identify the given values. Enter the appropriate
values using Finance Solver. Remember that:
PpY: = 12 and CpY: = 12
for monthly repayments.

a. i. Initial loan = 15 000
Monthly repayment = 309.48

Interest rate = 8.5%
N = ?

2. Solve for N. N = 59.582 518 723 273

3. The value obtained for N is 59.58 which means
that a 60th repayment is required. That is,
N = 60.

N = 60 months

Term of loan =
60
12

= 5 years.

4. To find the amount still owing prior to the last
payment, find Vn when N = 59. Enter the
appropriate values using Finance Solver:

N 59

I% 8.5

PV 15 000

PMT (Pmt) −309.48

PpY: 12

CpY: 12

ii.
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5. Press ENTER/Tap solve. FV = −179.273 603 537 66

6. State the amount still owing. The amount still owing prior to the last
payment is $179.27.

b. 1. Enter the appropriate values using Finance
Solver on your CAS.
Remember that:
PpY: = 26 and CpY: = 26
for fortnightly repayments.

b. i. For fortnightly repayments:
Initial loan = 15 000

For higthly repayment = 142.84
Interest rate = 8.5%

2. Solve for N. N = ?

3. The value obtained for N is 128.85 which
means that a 129th repayment is required. That
is, N = 129.

N = 129 fortnights
Term of loan = 4 years, 25 fortnights

4. To find the amount still owing prior to the last
payment, find FV (or FV) when N = 128. Enter
the appropriate values using Finance Solver:

N 128

I% 8.5

PV 15 000

PMT −142.84

FV ?

PpY: 26

CpY: 26

ii. FV = −120.636 212 821 95

5. State the amount still owing. The amount still owing prior to the last
payment is $120.64.

It can be seen from Worked example 11 that while the same outlay is maintained there may be a slight
decrease in the term of a loan when repayments are made more often. Let us now find what the saving are for
such a loan. In this situation we should consider the final (partial) payment separately because the amount of
interest that it attracts is less than a complete repayment, d.

The calculation of the total interest paid is now calculated as usual:

Total interest = total repayments− principal repaid

WORKED EXAMPLE 12

In Worked example 11, Tessa’s $15 000 loan at 8.5% p.a. gave the following three scenarios:
1. quarterly repayments of $928.45 for 5 years
2. monthly repayments of $309.48 for 59 months with $179.27 still outstanding
3. fortnightly repayments of $142.84 for 128 fortnights with $120.64 still owing.

Compare the total interest paid by Tessa if she repaid her loan:
quarterlya. monthlyb. fortnightly.c.
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THINK WRITE

a. For quarterly repayments
Total interest = total repayments

− principal repaid

a. For quarterly repayments:
Total interest = 928.45 × 20 − 15 000

= $3569

b. 1. For monthly repayments
Find the interest rate and the amount
owing after 59 months
(Refer to Worked example 11.)

b. For monthly repayments:

r =
8.5
12

% = 0.7083%

V59 = $179.27

2. Calculate the interest on the 59th

repayment to find the final
repayment.

Interest on the 59th repayment = 0.7083% of $179.27

= 0.007 083 × 179.27
= $1.27

Final repayment = 179.27 + 1.27
= $180.54

3. Calculate the total interest paid. Total interest = 309.48 × 59 + 180.54 − 15 000
= $3439.86

c. 1. Fortnightly repayments
Find the interest rate and the amount
owing after 128 fortnights. (Refer to
Worked example 11.)

c. For fortnightly repayments:

r =
8.5
26

% = 0.3269%

The 128th repayment = 120.64

2. Calculate the interest on the 128th
repayment to find the final
repayment.

Interest on the 128th repayment = 0.3269% of $120.64

= 0.003 269 × 120.64
= $0.39

Final repayment = 120.64 + 0.39
= $121.03

3. Calculate the total interest paid. Total interest = 142.84 × 128 + 121.03 − 15 000
= $3404.55

4. Calculate the interest saving with
monthly repayments over quarterly
repayments.

Monthly interest saving = 3569 − 3439.86
= $129.14

5. Calculate the interest saving with
fortnightly repayments over quarterly
repayments.

Fortnightly interest saving = 3569 − 3404.55
= $164.45

6. Write a comparison statement. Tessa saves $164.45 if she repays fortnightly rather
than quarterly and $129.14 if she repays monthly
rather than quarterly.

The slight time savings calculated in Worked example 11 when repayments were made more often have
now been transformed to money savings. The saving increases as the frequency of repayment increases. This
is because the amount outstanding is reduced more often and so the amount of interest added is slightly less.
A saving of $164 over 5 years, out of more than $18 000 repaid, might not seem much but the saving increases
as the term of the loan increases and as the amount borrowed increases.
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7.4.2 Changing the rate
Of all the variables associated with reducing balance loans, the one that is most likely to change during the
term of a loan is the interest rate. These rates rarely stay the same for the life of a loan; for most loans the rate
will change several times.

The Reserve Bank of Australia is the main monetary authority of the Federal Government and, as such,
is the overall guiding influence on monetary factors in the Australian economy. Consequently, it indirectly
controls the lending interest rates of financial institutions here.

There is usually some variation in rates between institutions; for example, a lower rate may be designed to
attract more customers. Within each institution there are rate variations as well for different types of reducing
balance loans. Banks advertise their loan rates to attract customers.

In this section we investigate the effect that changing the interest rate has on the term of the loan and on the
total interest paid. It should be remembered that as the interest rate increases so too will the term (if d remains
constant) of the loan since more interest needs to be paid.

First, let us simply compare loan situations by varying only the rate.

WORKED EXAMPLE 13

A reducing balance loan of $18 000 has been taken out over 5 years at 8% p.a. (adjusted monthly)
with monthly repayments of $364.98.
a. What is the total interest paid?
b. If, instead, the rate was 9% p.a. (adjusted monthly) and the repayments remained the same,

what would be:
i

ii

THINK WRITE

a. For 8% p.a.:
Total interest = total repayments

− principal repaid

a. For 8% p.a.:
Total interest = 364.98 × 60 − 18 000

= $3898.80

b. i. 1. Using the Finance Solver, enter the
appropriate values.
Remember that PpY: and CpY: will both
equal 12 for monthly repayments.

b. i. For 9% p.a.:
V0 = 18 000, d = 364.98, I = 9, Vn = 0,
N = ?

2. Solve for N N = 61.810 665 384 123

3. N: = 61.81 Means 61 full repayments plus
a final lesser payment.

N = 62 months

ii. 1. Find the amount owing after 61
repayments to calculate the amount still
owing.
Enter the following values:

N 61

I% 9

PV 18 000

FV ?

PMT −364.98

PpY: 12

CpY: 12

ii. Term = 5 years, 2 months
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2. Solve for FV and interpret the result. FV = −293.886 672 877
The amount still owing after 61 repayments is
$293.88.

3. Calculate the interest on the 62nd
repayment to find the final repayment.

r =
9

12
= 0.75%.

Interest on final repayment
= 0.75% of $293.8
= $2.20

Final repayment = 293.88 + 2.20
= $296.08

4. Total interest = total repayments
− principal repaid.

Total interest paid
= 364.98 × 61 + 296.08 − 18 000
= $4559.86

In Worked example 13 the rate was increased by only 1% p.a. on $18 000 for only 5 years, yet the amount
of interest paid has increased from $3898.80 to $4559.86, a difference of $661.06. This difference takes on
even more significant proportions over a longer period of time and with a larger principal.

Let us now consider varying the rate during the term of the loan.

WORKED EXAMPLE 14

Natsuko and Hymie took out a loan for home renovations.
The loan of $42 000 was due to run for 10 years and attract interest at
7% p.a., debited quarterly on the outstanding balance. Repayments
of $1468.83 were made each quarter. After 4 years the rate changed
to 8% p.a. (debited quarterly). The repayment value didn’t change.
Find the amount outstanding when the rate changed.a.

Find the actual term of the loan.b.

Compare the total interest paid to what it would have been if the
rate had remained at 7% p.a. for the 10 years.

c.

THINK WRITE

a. 1. Rate changes after 4 years; that is,
N = 16.
State initial loan, repayments, interest
rate the member of payments.

a. V0 = 42 000, d = 1468.83, I = 7%,
n = 16, Vn = ?
Initial loan = 42 000

Repayment = 1468.83
I = 7%, N = 16%

2. Find the amount owing after 16
payments using a CAS calculator.

FV = −285 84.356 811 602
The amount outstanding when the rate changed is
$28 584.36.

b. 1. Find N to repay $28 584.36 in full at the
new rate. (Use Finance Solver to enter
the following values: I = 8,
PV = 28 584.36, Pmt = −1468.83,
FV = 0, PpY: = 4 and CpY: = 4)

b. New interest rate of 8%:
N = −24.896 005 939 422

= 25 quarters

Time = 6
1
4

years
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2. Find the total term of the loan, that is,
time at 7% plus time at 8%.

Term = 4 years + 6
1
4

years

= 10
1
4

years

c. 1. Find the amount owing after 24
repayments to calculate the amount still
owing. (That is, on your calculator
change the value of N to 24 and solve for
FV.)

c. FV = −1291.669 456 564 649
The amount still owing after the 24th repayment
is $1291.61.

2. Calculate the interest on the outstanding
amount to find the final repayment.

r =
8
4
= 2%

Interest on final payment = 2% of $1291.61
= $25.83

Final repayment = 1291.61 + 25.83
= $1317.44

3. Find the total interest for the rate change
scenario.
The number of repayments is 40 at
$1468.83 plus 1 at $1317.44.

For the rate change scenario, total interest
= 1468.83 × 40 + 1317.44 − 42 000
= $18 070.64

4. Calculate the total interest if the rate
remained at 7%.

For the rate at 7% only, total interest
= 1468.83 × 40 − 42 000
= $16 753.20

5. Find the interest difference between the
two scenarios.

Interest difference = 18 070.64 − 16 753.20
= $1317.44

6. Write a comparison statement. An extra $1317.44 interest will be paid due to the
interest rate change from 7% p.a. to 8% p.a.

In the situations studied so far the repayment value, remained the same, even though the rate varied. In
practice, this is what happens if the rate decreases and so the term of the loan decreases. However, when the
rate increases, financial institutions will generally increase the repayment value to maintain the original term
of the loan. This was discussed in section 7.3.2. If this is not done the term of the loan can increase quite
dramatically. In fact this may occur to such an extent that the repayments are insufficient to cover the interest
added, so that the amount outstanding increases.

Consider a $44 000 loan over 15 years at 10% p.a. (monthly).
Monthly repayments = $472.83
After 5 years the amount owing is $35 779.02.
Suppose the interest rate rises dramatically to 16% p.a.
After a further 10 years under these conditions, the amount owing is $37 014.72.
That is, the amount owing has increased.
This situation is not beneficial to either the lender or the borrower.

7.4.3 Interest only loans
Interest only loans are loans where the borrower makes only the minimum repayment equal to the interest
charged on the loan. As the initial principal and amount owing is the same for the period of this loan, we
could use either the simple interest formula or CAS to solve problems of this type. When using Finance
Solver, the present value (PV:) and future value (FV:) are entered as the same amount. Note that the future
value is negative to indicate money owed to the bank.
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This type of loan is used by two kinds of borrowers: investors in shares and/or property or families that are
experiencing financial difficulties and seek short-term relief from high repayment schedules.

WORKED EXAMPLE 15

Jade wishes to borrow $40 000 to invest in shares. She uses an interest only loan to minimise her
repayments and hopes to realise a capital gain if she can sell the shares at a higher value. The term
of the loan is 6.9% p.a. compounded monthly with monthly repayments equal to the interest
charged.
Calculate the monthly interest-only repayment.a.

If, in 3 years, she sells the shares for $50 000, calculate the profit she would make on this
investment strategy.

b.

THINK WRITE

a. 1. Identify the initial loan, the
interest rate and N, where N is
equal to one payment period.

a. Initial loan = 40 000
Interest rate = 6.9%

N = 1 month

2. Evaluate I using the simple
interest formula.

I =
40 000 × 6.9 × 1

12

100

= $230

3. Write your answer. The monthly repayment to pay the interest only for the
loan is $230.

b. 1. Find whether the capital gain on
the shares exceeds the amount
paid in interest.

b. Capital gain = selling price − purchase price
= $50 000 − $40 000
= $10 000

Total interest charged = repayment × number of payments
= $230 × 36
= $8280

Profit = Capital gain − Loan cost
= $10 000 − $8280
= $1720

2. Write a statement. Jade will make a profit of $1720.

 Exercise 7.4 The effect of rate and repayment changes on reducing
balance loans

1. WE 11 Bella wants to buy a shoe shop. She borrows $18 000 at 8.3% p.a. (debited prior to each
repayment) of the reducing balance. She can afford quarterly repayments of $1108.80 and this will pay
the loan in full in exactly 5 years.

One third of the quarterly repayment gives the equivalent monthly repayment of $369.60.
The equivalent fortnightly repayment is $170.58.

Find:
i. the term of the loan and
ii. the amount still owing prior to the last payment if Bella made repayments:

monthlya. fortnightly.b.
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2. Simba wants to invest money in shares. He borrows $25 000 at 7.2% p.a. (debited prior to each
repayment) of the reducing balance. He can afford quarterly repayments of $1292.02 and this will pay
the loan in full in exactly 6 years.

One third of the quarterly repayment gives the equivalent monthly repayment of $430.67.
The equivalent fortnightly repayment is $198.77.

Find:
i. the term of the loan and
ii. the amount still owing prior to the last payment if Simba made repayments:

monthlya. fortnightly.b.

3. WE 12 In question 1, Bella’s $18 000 loan at 8.3% p.a. gave the following scenarios:
quarterly repayments of $1108.8 for 5 years.
monthly repayments of $369.60 for 59 months with $217.37 outstanding.

. fortnightly repayments of $170.58 for 128 months with $149.63 still owing.
Compare the total interest paid by Bella if she repaid her loan:

quarterlyi. monthlyii. fortnightly.iii.

4. In question 2, Simba’s $25 000 loan at 7.2% p.a. gave the following scenarios:
quarterly repayments of $1292.02 for 6 years.
monthly repayments of $430.67 for 71 months with $246.17 outstanding.

. fortnightly repayments of $198.77 for 154 fortnights with $164.36 still owing.
Compare the total interest paid by Simba if she repaid his loan:

quarterlyi. monthlyii. fortnightly.iii.

5. WE 13 A reducing balance loan of $20 000 has been taken out over 5 years at 10% p.a. (adjusted
monthly) with monthly repayments of $424.94.
a. What is the total interest paid?
b. If, instead, the rate was 11% p.a. (adjusted monthly) and the repayments remained the same, what

would be:
i. the term of the loan
ii. the total amount of interest paid?

6. A reducing balance loan of $16 500 has been taken out over 4 years at 8% p.a. (adjusted monthly) with
monthly repayments of $402.81.
a. What is the total interest paid?
b. If, instead, the rate was 9% p.a. (adjusted monthly) and the repayments remained the same, what

would be:
i. the term of the loan
ii. the total amount of interest paid?

7. WE 14 Mi Lin took out a loan for a new kitchen. The loan of $32 000 was due to run for 10 years and
attract interest at 8% p.a., debited quarterly on the outstanding balance. Repayments of $1169.78 were
made each quarter. After 4 years the rate changed to 9% p.a. (debited quarterly). The repayment value
didn’t change.
a. Find the amount outstanding when the rate changed.
b. Find the actual term of the loan.
c. Compare the total interest paid to what it would have been if the rate had remained at 8% p.a. for 10 years.

8. Roger took out a loan to get his large pine trees removed after they were affected after a massive storm.
The loan of $28 000 was due to run for 8 years and attract interest at 6.5% p.a., debited monthly on the
outstanding balance. Repayments of $374.81 were made each month. After 3 years the rate changed to
7.5% p.a. (debited monthly). The repayment value didn’t change.
a. Find the amount outstanding when the rate changed.
b. Find the actual term of the loan.
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c. Compare the total interest paid to what it would have been if the rate had remained at 6.5% p.a.
for 8 years.

9. WE 15 Jodie wishes to borrow $30 000 to invest in shares. She uses an interest only loan minimising her
repayments and hopes to realise a capital gain when she sells the shares at a higher value. The term of the
loan is 5.8% p.a. compounded monthly with monthly repayments equal to the interest charged.
a. Calculate the monthly interest only repayments.
b. If, in 3 years, she sells the shares for $35 000, calculate the profit she would make on this investment

strategy.
10. Max wishes to borrow $50 000 to invest in shares. He uses an interest only loan minimising his

repayments and hopes to realise a capital gain when he sells the shares. The term of the loan is 7.5% p.a.
compounded monthly with monthly repayments equal to the interest charged.
a. Calculate the monthly interest only repayments.
b. If, in 3 years, he sells the shares for $63 000, calculate the profit he would make on this investment.

11. Harper borrows $2000 to purchase new cricket
gear. The loan is to be paid in full over 1 year with
quarterly payments at an interest rate of 7.5% p.a.

a. Calculate the quarterly payment required.
b. Complete an amortisation table for the loan

using a first-order recurrence relation for each
payment.

c. What is the principal outstanding after the third
payment?

d. Calculate the total amount paid on the loan.
e. Calculate the total interest paid on the loan.

12. Grace takes a loan out for $3750 to purchase new curtains for her house. The loan is to be paid in full
over 1 year with bi-monthly payments at a rate of 6% p.a.
a. Calculate the bi-monthly payment required.
b. Complete an amortisation table for the loan using a first-order recurrence relation.
c. If the payments were monthly instead of bi-monthly what payments are required?
d. Complete an amortisation table for the loan with monthly payments.
e. Calculate the interest paid on the loan for both monthly and bi-monthly payments and comment on

the answers.
13. Phul has a reducing balance loan of $40 000. The loan has interest charged at 8% p.a. (debited before

each repayment) and can be repaid by quarterly instalments of $1462.23 over exactly 10 years. The
equivalent monthly repayment is $487.41 and the equivalent fortnightly one is $224.96. Find the term of
the loan and the amount still owing before the final repayment if repayments are made:
a. monthly
b. fortnightly.

14. A loan of $25 000 attracts interest at 8.25% p.a. on the outstanding balance and the following four
scenarios are available:

half-yearly repayments of $3101.48 for 5 years
quarterly repayments of $1550.74 for 4 years with3

4 $1217.93 still owing
monthly repayments of $516.91 for 58 months with $512.33 still owing

. fortnightly repayments of $238.58 for 127 fortnights with $140.27 still owing.
Compare the total interest paid if the loan is repaid:

half-yearlyi. quarterlyii.

monthlyiii. fortnightly.iv.
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The following information refers to questions 15 and 16. Betty has borrowed $65 000 to finance her plant and
flower nursery. Betty chooses to repay the loan, which attracts interest at 9.3% p.a. on the outstanding balance,
by fortnightly repayments of $309.66 rather than the equivalent monthly repayment of $670.92.

15. MC The term of the loan will be:

14 years 11 monthsA. 14 years 25 fortnightsB. 15 yearsC.
15 years 1 fortnightD. 15 years 1 monthE.

16. MC The amount Betty will save is closest to:
$240A. $260B. $270C.
$300D. $320E.

17. A reducing balance loan of $25 000 has been taken out over 5 years at 8% p.a. (adjusted monthly) with
monthly repayments of $506.91.
a. What is the total interest paid?
b. If, instead, the rate was 9% p.a. (adjusted monthly) with the same repayments maintained, what

would be:
the term of the loan nowi.

the total interest paid?ii.

c. If, instead, the rate was 10% p.a. (adjusted monthly) with the same repayments maintained, what
would be:

the term of the loan nowi.

the total interest paid?ii.

The following information relates to questions 18 and 19. Clint’s $28 000 loan for his house extensions has
interest debited every month at 12% p.a. of the outstanding balance. The loan was due to run for 10 years
and he was to make repayments of $401.72 per month to service the loan. After he had made 50 repayments
his credit union reduced the interest rate to 10.75% p.a. (adjusted monthly) for the remainder of the loan.

18. MC If Clint maintained the monthly repayment, the term of the loan would be:
9 3

4 yearsA. 10 1
4 yearsB. 10 3

4 yearsC.

11 yearsD. 12 yearsE.
19. MC The total interest paid by Clint would lie between:

A. $18 700 and $18 800
B. $18 800 and $18 900
C. $18 900 and $19 000
D. $46 800 and $46 900
E. $46 900 and $47 000

20. The Risky brothers want to invest in $140 000 worth of shares. They use other people’s money and take
out an interest only loan from the bank. The loan is at 10.8% p.a. compounded quarterly with quarterly
repayments.
a. Calculate the quarterly repayment amount.
b. If in 1 year they sell the shares for $152 000, calculate the amount of profit or loss they made on this

investment strategy.
21. MC The Bigs have had a new addition to the family and John, the father, takes 12 months of leave from

work to stay at home. To financially cope, they ask their bank manager for an interest only loan for this
period on the outstanding amount on their home loan, which is currently $210 000. If the terms of the
interest only loan are 6.79% p.a. compounded fortnightly, the fortnightly repayments will be closest to:

$548.42A. $1188.25B. $14 637C. $4879D. $21 032.18E.
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7.5 Annuities and perpetuities
7.5.1 Annuities
An annuity is an investment account that at some future date will provide a regular stream of income for a
set period of time. Annuities may be in the form of bursaries or scholarships, or retirement funds.

7.5.2 Using a recurrence relation to modelling annuities
A recurrence relation can be used to model an annuity.

V0 = a, Vn+1 = RVn − d

Where,
V0 is the intial amount borrowed
Vn is the balance of the loan aftern payments

R = 1 +
r

100
(r is the interest rate per compounding period)

d is the payment made.

WORKED EXAMPLE 16

As part of her post graduate studies, Margaret has been awarded a ‘writer’ in residence’
scholarship of $8500 for 4 months at a local college. The money is invested in an annuity that pays
4.5% p.a., compounded monthly. Margaret is paid $2140 per month from the annuity.
Write a recurrence relation to describe this situation.a.

Use your calculator to determine how much money is left in the annuity at the end of 4 months.b.

What adjustment would need to be made to Margaret’s last payment?c.

Complete the amortisation table below for this annuity.d.

Payment number (n) Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 8500.00

1 2140 A 2108.13 6391.88

2 2140 23.97 B 4275.84

3 2140 16.03 2123.97 C

4 D 8.07 2131.93 0.00

THINK WRITE

a. 1. State the initial values for V0, r,R and d. a. V0 = 8500

r =
4.5
12

= 0.375

R = 1 +
0.375
100

= 1.00375

d = 2000

2. Write the general form of the recurrence relation. V0 = a, Vn+1 = RVn − d

3. Substitute in the values for V0, r,R and d. V0 = 8500, Vn+1 = 1.003 75Vn − 2140
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b. 1. On a calculator screen, type 8500, press
ENTER/EXE and then type ×1.003 75 − 2140.
Press ENTER/EXE 4 times.

8500 8500
8500 × 1.00375 − 2140 6391.88
6391.88 × 1.00375 − 2140 4275.84
4275.84 × 1.00375 − 2140 2151.88
2151.88 × 1.00375 − 2140 19.95

2. Write the answer. After 4 months the balance of the
annuity is $19.95.

c. If the balance is greater than zero then the last
payment must be adjusted accordingly.

Margaret’s last payment should be
increased by $19.95.
Last payment= $2159.95.

d. A is interest is calculated on $8500
B is principal reduction
C is balance of the loan.
To calculate D as there was $19.95 left after 4
payments, the final payment is adjusted by $19.95
to leave the balance of the investment at $0.

A = 8500 × 0.003 75 = 31.88
B = 2140 − 23.97 = 2116.03
C = 4275.84 − 2123.97 = 2151.87
D = 2140 + 19.95 = 2159.95

 

 

7.5.3 Solving annuity problems using the Finance Solver
The Finance solver application on your CAS calculator can be used to solve annuity problems.

N The total number of payments

I% The interest rate per annum

PV The present value of the investment or loan – this is negative for an annuity

PMT
(Pmt)

The periodic payment – this is positive for an annuity providing periodic
payments to you

FV The future value of the loan or investment – this is positive or zero for an
annuity providing periodic payments to you

P/Y
(Ppy)

The number of payment periods in a year

C/Y
(CpY)

The number of compounding periods in a year (nearly always the same as
P/Y)

WORKED EXAMPLE 17

Jacob invests $120 000 in an annuity paying 7.5% per month. Using the Finance Solver on your
calculator, find:
How long will this annuity last if the monthly payment is $4000?a.

How much should Jacob receive each month if he wishes the annuity to last for 20 years?b.

TOPIC 7 Reducing balance loans, annuities and perpetuities 31

5 13 1

UNCORRECTED PAGE PROOFS



i
i

“c07ReducingBalanceLoansAnnuitiesAndPerpetuities_Inserts” — 2018/6/24 — 1 : — page 32 — #3 i
i

i
i

i
i

THINK WRITE

a. 1. Using Finance Solver on your CAS enter the appropriate
values:

N The number of payments
for 10 years at 12 interest
calculations per year.

I% 7.5 The annual interest rate

PV −120 000 The value of the loan

PMT (Pmt) 4000 The value of the
payment

FV 0 The investment is paid
out so the future value is
zero.

P/Y (PpY) 12 There are 12 payments
per year.

C/Y (CpY) 12 There are 12compounding
periods per year.

a. I = 7.5% p.a.
Amount invested = $120 000
Future value = 0

2. Using Finance solver, press ENTER or Tap solve. N = 33.32

3. Write a statement. The annuity will last 33 months, to
the nearest month.

b. 1. Find the payment each month if the annuity lasts for 20
years.

N 240

I% 7, 8

PV −120000

PMT (PMT) ?

FV 0

P/V (PpY) 12

C/Y (CpY) 12

b. i. N = 20 × 12 = 240
I = 7.8% p.a.
Amount of annuity = $12 000

2. Using Finance solver, press ENTER or Tap solve. Payment = 966.71

3. Write the answer. The payment per month is
$966.71.
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7.5.4Perpetuities
A perpetuity is an annuity where a permanently invested sum of money provides regular payments that
continue forever.

Many scholarships or grants offered to students at universities are provided by funds known as perpetuities.
The funds last for an indefinite period of time as long as the amount paid out is no more than the interest

earned on the initial lump sum deposited. The type of investment that is used to earn the interest is usually a
bond, which offers a fixed interest amount, paid on a regular basis, over a long period of time. Wealthy people
who wish to encourage and support a worthwhile cause usually set up these perpetuities.

The balance of the amount invested does not change and is the same for an indefinite period.
The perpetuity formula is:

d = V0r

100

where
d = the amount of the regular payment per period ($)
V0 = the principal ($)
r = the interest rate earned per period (%).

Notes:
1. The period of the regular payment must be the same as the period of the given interest rate.
2. Finance Solver can be used in calculations involving perpetuities. As the principal does not change, the

present value (PV: or negative cash flow) and the future value (FV: or positive cash flow) are entered as
the same amount, but with opposite signs.

WORKED EXAMPLE 18

Robert wishes to use part of his wealth to set up a scholarship fund to help young students from
his town further their education at university. Robert invests $200 000 in a bond that offers a
long-term guaranteed interest rate of 4% p.a. If the interest is calculated once a year, then the
annual amount provided as scholarship will be:

$188 000A. $288 000B. $666.67C.
$8000D. $4000E.

THINK WRITE

1. Write the perpetuity formula. d =
V0r
100

2. List the values of V0 and r. V0 = $200 000 and r = 4% p.a.

3. Substitute the values into the formula and calculate
the amount provided.

d =
$200 000 × 4

100

= 8000

4. Select the appropriate answer. The annual amount provided for the
scholarship is $8000. Therefore D is
the correct answer.
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7.5.5 Finding V0 and r
As was the case with earlier sections in this topic, there are calculations where we need to find the principal
(V0) or interest rate (r) needed to provide a certain regular payment (d). For example, how much needs to be
invested at 3% p.a. interest to provide a $10 000 annual grant, or what interest rate is needed so that $100 000
will provide a $4000 yearly scholarship indefinitely? Other calculations involve finding what extra amount
could be granted annually as a scholarship if the interest is compounded monthly in each year rather than once
a year and if the scholarship is paid in two equal six-monthly instalments.

The perpetuity formula can be transposed to:

V0 =
100 × d

r
and r = 100 × d

V0

If the frequency of the payments each year is not the same as the compounding period of the given interest
rate, then Finance Solver is to be used with different values for PpY and CpY.
Notes:
1. The principal must be known to use Finance Solver.
2. Finance Solver gives the interest rate per annum.

WORKED EXAMPLE 19

A Rotary Club has $100 000 to set up a perpetuity as a grant for the local junior sporting clubs.
The club invests in bonds that return 5.2% p.a. compounded annually.
Find the amount of the annual grant.a.

What interest rate (compounded annually) would be required if the perpetuity is to provide
$6000 each year?
The Rotary Club wants to investigate other possible arrangements for the structure of the
grant.

b.

How much extra would the annual grant amount to if the original interest rate was
compounded monthly?

c.

What interest rate (compounded monthly) would be required to provide 4 equal payments of
$1500 every 3 months? Give your answer correct to 2 decimal places.

d.

THINK WRITE

a. 1. Write the perpetuity formula and list the values of
V0 and r.

a. d =
V0r
100

V0 = $100 000 and
r = 5.2% p.a.

2. Substitute the values into the formula and find the value
of the annual grant.

d =
$100 000 × 5.2

100

= 5200

3. Write a statement. The amount of the annual grant
is $5200.

b. 1. Write the perpetuity formula and list the values of
V0 and d.

b. r =
100 × d
V0

V0 = $100 000 and
d = $6000
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2. Substitute the values into the formula and find the interest
rate.

r =
100 × 6000

100 000

= 6

3. Write a statement. For a $100 000 perpetuity to
provide $6000 a year, the bond
needs to offer an interest rate of
6% p.a.

c. 1. As the frequency of the payment is not the same as the
compounding period, the perpetuity formula cannot be
used. Use Finance Solver and enter the values as follows.

n (N) 1

r (I%) 5.2

V0 (PV) −100 000

d (Pmt) ?

Vn (FV) 100 000

PpY 1 (one payment per year)

CpY 12 (there are 12 compound periods per year)

2. Solve for Pmt. Pmt = 5325.741 057 054
If the interest was compounded
monthly, the annual grant would
amount to $5325.74.

3. Compare the sizes of the 2 grants and write a statement. The extra amount is
$5325.74 − $5200 = $125.74.
If the interest is compounded
monthly, the annual grant would
increase by $125.74.

d. 1. As the frequency of the payment is not the same as the
compounding period, the perpetuity formula cannot be
used. Use Finance Solver and enter the values as follows.

n (N) 1

r (I% ) ?

V0 (PV) −100 000

d (Pmt) 1500

Vn (FV) 100 000

PpY 4 (four payment per year)

CpY 12 (there are 12 compound periods per year)

d.
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2. Solve for I to find the required interest rate. I = 5.970 247 527 183
r = 5.97

3. Write a statement. An interest rate of 5.97% p.a.
compounded annually is needed
to provide four equal payments
of $1500, correct to 2 decimal
places.

WORKED EXAMPLE 20

A benefactor of a college has been approached to provide a Year 7 scholarship of $1000 per term.
He is able to get a financial institution to offer a long-term interest rate of 8% per annum. What is
the principal that needs to be invested?

THINK WRITE

1. Write the perpetuity formula and list the values of d
and r. Both d and r need to be expressed in the same
period of time.

V0 =
100 × d

r

d = $1000 per term (4 terms per year)

R = 8% p.a.

=
8
4

= 2% per term

2. Substitute the values into the formula and find the
value of the annual grant.

V0 =
100 × 1000

2
= 50 000

3. Write a statement. The principal that needs to be invested
to provide a scholarship of $1000 per
term at an annual interest rate of 8% is
$50 000.

Note that Finance Solver cannot be used in the previous worked example as the principal is not known.
(Both PV and FV would be unknowns.)

Unit 3 AOS R&FM Topic 2 Concept 8

Perpetuity Summary screen and practice questions
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Exercise 7.5 Annuities and perpetuities

1. WE 16 Abdo has been granted a small scholarship of $12 500 to attend a sporting institute for one year.
The money is invested in an annuity that pays 6% p.a., compounded quarterly. Abdo is paid $3243 per
quarter from the annuity.
a. Write a recurrence relation to describe this situation.
b. Use your calculator to determine how much money is left in the annuity at the end of the year.
c. What adjustment would need to be made to Abdo’s last payment?
d. Complete the amortisation table below for this annuity.

Payment number (n) Payment Interest Principal reduction Balance of loan

0 0.00 0.00 0.00 12 500

1 3243 A 3055.50 9444.50

2 3243 141.67 B 6343.17

3 3243 95.15 3147.85 C

4 D 47.93 3195.07 0

2. MC Maya has decided to study full time for 6 months. She has managed to save $20 000 and deposits
this in an annuity fund, that pays 5.5% p.a. compounded monthly. Her payment from this fund each
month is $3500. At the end of 6 months, the money left in her account will be:

$5843.76A. $4213.23B. $3156.98C.
$2611.59D. $0E.

3. WE 17 Alice invests $16 0000 in an annuity paying 9.5% per month.. Using the Finance Solver on your
calculator, find:
a. how long this annuity will last if the monthly payment is $6000.
b. how much Alice should receive each month if she wishes the annuity to last for 30 years.

4. MC Genevieve wants to invest her inheritance from her grandmother of $100 000 in an annuity that
offers an interest rate of 4.5% p.a. compounded quarterly. If she wishes to take a quarterly payment of
$3000, this annuity will last for:

42 monthsA. 54 monthsB. 33 monthsC.
26 monthsD. 13 monthsE.

5. WE 18 MC Chris wants to invest $150 000 in a bond that offers a long-term guaranteed interest rate of
5% p.a. If the interest is calculated once a year, then the annual interest earned is:

$142 500A. $7500B. $130 000C.
$6500D. $8000E.

6. MC Freda chose to invest $95 000 in a bond that offers a long-term guaranteed interest rate of 3.8% p.a.
If the interest is calculated once a year, then the annual interest earned is:

$25 000A. $4845B. $91 390C.
$3610D. $5430E.

7. WE 19 A charity has $75 000 to set up a perpetuity as a grant to help homeless people.
The charity invests in bonds that return 4.8% p.a. compounded annually.
a. Find the amount of the annual grant.
b. What interest rate (compounded annually) would be required if the perpetuity is to provide $4800

each year?
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The charity wants to investigate other possible arrangements for the structure of the grant.
c. How much extra would the annual grant amount to if the original interest rate was compounded

monthly?
d. What interest rate (compounded monthly) would be required to provide 4 equal payments of $1200

every 3 months? Give your answer correct to 2 decimal places.
8. A family wants to use $125 000 to set up a perpetuity as a scholarship fund at their old school.

The charity invests in bonds that return 5.7% p.a. compounded annually.
a. Find the amount of the annual grant.
b. What interest rate (compounded annually) would be required if the perpetuity is to provide $8000

each year?
The charity wants to investigate other possible arrangements for the structure of the grant.
c. How much extra would the annual grant amount to if the original interest rate was compounded

monthly?
d. What interest rate (compounded monthly) would be required to provide 4 equal payments of $2000

every 3 months? Give your answer correct to 2 decimal places.
9. WE 20 A benefactor of a school had been approached to provide a Year 12 scholarship of $5000 per

term. She is able to get a financial institution to offer a long-term interest rate of 6.25% per annum.
What is the principal that needs to be invested?

10. A benefactor of a college had been approached to provide a Year 11 scholarship of $2000 per term. He
is able to get a financial institution to offer a long-term interest rate of 7.5% per annum. What is the
principal that needs to be invested?

11. MC The owner of a technology company uses part of his wealth to set up research grants to help young
Australian scientists with their endeavours. He invests $350 000 in a bond that offers a long-term
guarantee of 5% p.a. If the interest is calculated once a year, then the annual amount provided as a
research grant will be:

$70 000A. $17 500B. $1750C.
$7000D. $3500E.

12. Use the perpetuity formula to calculate the annual payment as specified in each of the following
situations.
a. $400 000 invested at 4% p.a., paid once a year
b. $300 000 invested at 1% per quarter, paid 4 times each year

13. Use the perpetuity formula to calculate the annual payment as specified in each of the following
situations.
a. $100 000 invested at 12% p.a., calculated monthly, paid out monthly
b. $2 million invested at 6% p.a., compounded quarterly, paid out every 3 months

14. Check your answers to questions 12 and 13 using Finance Solver on your CAS.
15. An AFL club has $80 000 to set up a perpetuity as a grant for the local senior sporting clubs. The club

invests in bonds that return 4% p.a. compounded annually.
a. Find the amount of the annual grant.
b. What interest rate (compounded annually) would be required if the perpetuity is to provide $5000

each year?
The club wishes to investigate other possible arrangements for the structure of the grant.
c. How much extra would the annual grant amount to if the original interest rate was compounded

quarterly?
d. What interest rate (compounded monthly) would be required to provide 12 equal monthly payments

of $400?
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16. Prachi invested $15 000 in a fund that will earn on average 10.5% p.a. over a 1 year period with interest
calculated monthly. On top of the initial investment Prachi contributes $250 at the start of each month
after the initial investment. Complete the table to find the value of his investment at the end of the sixth
month.

Time period Principal Interest earned Balance

1 15 000

2

3

4

5

6

17. Use the perpetuity formula to calculate the interest rate (p.a.) required for each of the following
perpetuities.
a. $400 000 provides $5000 per annum with interest compounded annually.
b. Half a million dollars provides $1000 each month with interest compounded monthly.
c. $800 000 provides $30 000 every six months with interest compounded biannually.
d. $100 000 provides $200 per fortnight with interest calculated fortnightly.

18. Check your answers to question 17 using Finance Solver on your CAS.
19. Use Finance Solver on your CAS to calculate the interest rate required for each of the following

perpetuities. Give your answers correct to 2 decimal places.
a. $400 000 provides $5000 per annum with interest compounded monthly.
b. Half a million dollars provides $1000 each month with interest compounded annually.
c. $800 000 provides $30 000 every six months with interest compounded quarterly.
d. $100 000 provides $200 per fortnight with interest compounded monthly.

20. A benefactor of a college has been approached to provide a Year 9 scholarship of $200 per month. He is
able to get a financial institution to offer a long-term interest rate of per annum, compounded monthly.
What is the principal that needs to be invested?

21. MC The total amount given by the perpetuity in question 20 over a 50-year period is:
$10 000A. $2400B. $57 000C.
$66 700D. $120 000E.

22. Use the perpetuity formula to calculate the initial sum to be invested in a perpetuity specified as follows:
a. A $1200 per annum grant from a fund offering 6% p.a. compounded annually
b. A $10 000 per annum grant from a fund offering 4.5% p.a. compounded annually
c. A $300 per month scholarship from a fund offering 0.5% per month
d. A $120 per month grant from a fund offering 3% p.a. compounded monthly.
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7.6 Annuity investments
A savings plan, like a Christmas Club account, is an investment where an initial sum as well as regular deposits
are made. The interest earned is calculated regularly on the balance of the investment, which increases with
each regular deposit (annuity). This is similar to reducing balance loans with the main difference being that
it is an investment rather than a loan, so the principal amount is growing.

An annuity investment is an investment that has regular deposits made over a period of time. The annuity
investment can be modelled using a recurrence relation.

V0 = a, Vn+1 = RVn + d

Where:
V0 = initial investment
Vn+1 = amount after n+ 1 payments
Vn = amount at time n
R = 1+ r

100

r = interest rate per period
d = deposit amount

Notice that the only difference to the recurrence relation for a reducing balance loan is that d is positive
rather than negative.

WORKED EXAMPLE 21

An initial amount of $1000 was invested in an account for 5 years at a rate of 5.04% p.a. (interest
calculated monthly), and an additional deposit of $100 was made each month. Use a recurrence
relation to determine the balance of the investment at the end of 5 months.

THINK WRITE

1. State the initial values for V0, r, and d. V0 = 1000

r =
5.04
12

= 0.42

R = 1 +
0.42
100

= 1.0042

d = 100

2. Using the iterative process on your calculator, type 1000
and then press ENTER/EXE. Type × 1.0042 + 100 and
press ENTER/EXE five times.

1000 1000
1000 × 1.0042 + 100 1104.20
1104.20 × 1.0042 + 100 1208.84
1208.84 × 1.0042 + 100 1313.91
1313.91 × 1.0042 + 100 1419.43
1419.43 × 1.0042 + 100 1525.39

3. Write the answer. After 5 months the balance of
the investment will be $1525.39.
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An amortisation table can be completed for the annuity investment example in Worked example 21.

Time period Payments Interest Principal increase Balance of investment

0 0 0 0 1000

1 100 1000 × 0.0042 = 4.2 104.20 1104.20

2 100 1104.20 × 0.0042 = 4.64 104.64 1208.84

3 100 1208.84 × 0.0042 = 5.08 105.08 1313.91

4 100 1313.92 × 0.0042 = 5.52 105.52 1419.43

5 100 1419.43 × 0.0042 = 5.96 105.96 1525.39

The Finance Solver application on your CAS calculator can be used to solve annuity investment problems.

N The total number of payments

I% The interest rate per annum

PV The present value of the investment or loan – this is negative for an annuity investment

PMT(Pmt) The periodic payment to the bank – this is negative for an annuity investment

FV The future value of the investment – this is positive for an annuity investment

P/Y(PpY) The number of payment periods in a year

C/Y(CpY) The number of compounding periods in a year (nearly always the same as P/Y)

WORKED EXAMPLE 22

Helen currently has $2000 in a savings account that is averaging an interest rate of 8% p.a.
compounded annually. She wants to calculate the amount that she will receive in 5 years when she
plans to go on an overseas trip.
If she deposits $6000 each year, find (correct to the nearest $1000) the amount available for
her overseas trip.

a.

If she places her $2000 and increases her deposits to $7000 each year into a different
savings account that can offer 9% p.a. compounded annually, find (correct to the nearest
$1000) the amount available for her overseas trip.

b.

Calculate the extra amount saved by investing $7000 each year at 9% p.a. compared with
$6000 each year at 8% p.a.

c.
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THINK WRITE

a. 1. Use Finance Solver and enter the values as follows.

N 5

I(%) 8

PV −2000

Pmt −6000

FV ?
PpY 1(one payment per year)

CpY 1

a. N = 5
r = 8%
Money invested = $2000
Payment per year = $6000

2. Solve for FV. FV = 38 138.26

3. Write a statement, rounding the answer correctly. In 5 years time the investment will be
$38 000, correct to the nearest 1000.

b. 1. Use Finance Solver and enter the values as follows.

N 5

I% 9

PV −2000

Pmt −7000

FV ?
PpY 1(one payment per year)

CpY 1

b. N = 5
r = 9%
Money invested = $2000
Payment per year = $7000

2. Solve for FV. The future value of the investment is
$44 970.22.

3. Write a statement, rounding the answer correctly. The final balance of the investment
after 5 years, if Helen deposits $7000
each year into an account offering 9%
p.a., would be $45 000, correct to the
nearest $1000.

c. The extra amount saved is the difference between
the amounts found in parts a and b.

c. The extra amount is
$45 000 − $38 000 = $7000.

 7.6.1Planning for retirement
When do you want to retire, and how many years will you want to spend in retirement? How much money
will you need? An Australian male is now expected to live to 80 years of age and an Australian female to
84 years of age. So, most people will need to plan on 20 to 25 years in retirement. A common retirement
income target is 60 to 65 per cent of your pre-retirement income bearing in mind that you won’t have to pay
for expenses such as commuting, work clothes and, hopefully, mortgage repayments by then Furthermore,
you may be entitled to a part pension and/or tax concessions. So, if you earn $60 000 a year now, you may
think of a retirement income of about $36 000 a year. Remember, these figures are in today’s dollars.
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Planning for retirement is an issue that you’ll need to revise regularly, maybe with a financial planner. The
annuities formula and Finance Solver can be used to calculate how much money is needed under different
financial situations.

WORKED EXAMPLE 23

Andrew is aged 45 and is planning to retire at 65 years of age. He estimates that he needs $480 000
to provide for his retirement. His current superannuation fund has a balance of $60 000 and is
delivering 7% p.a. compounded monthly.
Find the monthly contributions needed to meet the retirement lump sum target.a.

If in the final ten years before retirement, Andrew doubles his monthly contribution
calculated from a, find the new lump sum amount available for retirement.

b.

How much extra could Andrew expect if the interest rate from part b is increased to 9% p.a.
(for the final 10 years) compounded monthly? Round the answer correct to the nearest $1000.

c.

THINK WRITE

a. 1. Use Finance Solver and enter the
values as follows.

N 240

I% 7

PV −60 000

Pmt ?

FV 480 000

PpY 12

CpY 12

a. N = 20 × 12 = 240
r = 7%
Money invested = $60 000
Future value = $480 000

2. Solve for Pmt. Payment = $456.26

3. Write a statement. The monthly contribution to achieve a retirement
lump sum of $480 000 is $456.26.

b. 1. We need to find the balance after the
first 10 years with d = $456.26 and
N = 120. Enter the values into the
Finance Solver and solve for FV.

N 120

I(%) 9

PV −2000

Pmt −7000

FV ?
PpY 1(one payment per year)

CpY 1

b. N = 10 × 12 = 120
r = 7%

Money invested = $60 000
Monthy contribu = $456.26
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2. Solve for FV. After 10 years, the balance of the investment is
$199 550.58.

3. We need to find the balance for the
second ten years, with double monthly
contributions. Enter the values into the
Finance Solver and solve for FV.

N 120

I% 7

PV −199 550.58

Pmt −912.52

FV ?

PpY 12

CPY 12

Balance after 10 years is $199 550.58.
N = 10 × 12 = 120
r = 7%

Monthly contributions = 456.26 × 2 = $912.52
Money invested = $199 550.58

4. Solve for FV. The future value = $558 972.44

5. Write a statement. The new lump sum will be = $558 972.44

c. 1. Enter the values into the Finance
solver and solve for FV.

N 120

I% 9

PV −199 550.58

Pmt −912.52

FV ?

PpY 12

CpY 12

c. Balance after 10 years is $199 550.58.
N = 10 × 12 = 120
Money contributed = 456.26 × 2 = $912.52
The interest rate is 9%

2. Solve for FV The future value = $665 755.37

3. Calculate the difference in answers The difference is:
665 755.37 − 558 972.44 = 106 782.93

4. Write a statement, rounding the
answer appropriately.

If the interest rate is increased to 9% for the final 10
years, Andrew could expect an extra $107 000,
correct to the nearest $1000.

Exercise 7.6 Annuity investments

1. WE 21 Clifford invested $7000 in a managed fund that will earn on average 10% p.a. over a 3-year period
with interest calculated monthly. Clifford contributes $150 monthly to his investment.
a. Use a recurrence relation to find the value of his investment at the end of the fifth month.
b. Complete the table below by calculating the values of A, B, C and D to show the value of the

investment at the end of each of the first 5 months.
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Time period Payments Interest Principal increase Balance of investment

0 0 0 0 7000

1 150 A 208.10 7208.10

2 150 59.83 B 7417.93

3 150 61.57 211.57 7629.50

4 150 C 213.92 7842.82

5 150 65.10 215.01 D

2. Pauline invested $10 000 in a fund that will earn on average 12% p.a. over a 1 year period with interest
calculated monthly. If Pauline contributes $200 per month to her initial investment,
a. Express this situation in the form of a recurrence relation.
b. find the value of her investment at the end of the sixth month.

3. An initial deposit of $5000 was made on an investment taken out over 10 years at a rate of 7.5% p.a.
(interest calculated monthly) and an additional deposit of $100 is made each month. Complete the table
below for the first three deposits and hence calculate how much interest had been earned over this time.

Time period Payments Interest Principal increase Balance of investment

0 0 0 0 5000

1 100

2 100

3 100

4. An initial deposit of $10 000 was made on an investment taken out over 7 years at a rate of 8% p.a.
(interest calculated monthly) and an additional deposit of $150 is made each month. Complete the last
row of the table below and hence the value of the investment at the end of the 4th month.

Time period Payments Interest Principal increase Balance of investment

0 0 0 0 10 000

1 150 66.67 216.67 10 216.67

2 150 68.04 218.04 10434.71

3 150 69.58 219.58 10654.27

4

5. WE 22 Sharyn has $2500 in a savings account that is averaging an interest rate of 6.5% p.a. compounded
annually. She wants to calculate the amount she will receive in 5 years when she plans to buy a car.
a. If she deposits $6500 each year, find (correct to the nearest $1000) the amount available for her car.
b. If she places her $2500 and deposits $8000 each year into a different savings account that can offer 7%

p.a. compounded annually, find (correct to the nearest $1000) the amount available for her car.
c. Calculate the extra amount saved by investing $8000 each year at 7% p.a. compared with $6500 each

year at 6.5% p.a.
6. Rhonda has $4000 in a savings account that is averaging an interest rate of 5.5% p.a. compounded

annually. She wants to calculate the amount she will receive in 5 years when she plans to go on a holiday.
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a. If she deposits $6000 each year, find (correct to the nearest $1000) the amount available for her
holiday.

b. If she places her $4000 and deposits $8000 each year into a different savings account that can offer
6.5% p.a. compounded annually, find (correct to the nearest $1000) the amount available for her
holiday.

c. Calculate the extra amount saved by investing $8000 each year at 7% p.a. compared with $6000 each
year at 5.5% p.a.

7. An initial deposit of $20 000 was made on an investment taken out over 3 years at a rate of 6% p.a.
(interest calculated monthly), and an additional deposit of $200 is made each month. Complete the table
below for the first five deposits and calculate the amount of interest that was earned:
a. in the second month
b. in the fifth month
c. over the first five months.

Time period Payments Interest Principal increase Balance of investment

0 0 0 0 20 000

1 200

2 200

3 200

4 200

5 200

8. Barbara currently has $60 000 in an investment account that is averaging an interest rate of 6% p.a.,
compounded annually. She wants to calculate the amount that she will receive after 20 years.
a. If she deposits $9000 each year, find (correct to the nearest $1000) the amount available for her after

20 years.
b. If she places her $60 000 and increases her deposits to $10 000 each year into a different savings

account that can offer 8% p.a. compounded annually, find (correct to the nearest $1000) the amount
available for her after 20 years.

c. Calculate the extra amount saved by investing $10 000 each year at $10 000 p.a. compared with
$9000 each year at 6% p.a.

9. WE 23 Peter is 48 and is planning to retire at 65 years of age. He estimates that he needs $550 000 to
retire at 65. His current superannuation fund has a balance of $55 000 and is delivering 8% p.a.
compounded monthly.
a. Find the monthly contributions needed to meet the retirement lump sum target.
b. If in the final ten years before retirement Peter doubles his monthly contribution calculated from a,

find the new lump sum amount available for retirement.
c. How much extra could Peter expect if the interest rate from part b is increased to 10% p.a. (for the

final 10 years) compounded monthly? Round the answer correct to the nearest $1000.
10. Patricia is 54 and is planning to retire at 65 years of age. She estimates that she needs $600 000 to retire

at 65. Her current superannuation fund has a balance of $115 000 and is delivering 9.5% p.a.
compounded monthly.
a. Find the monthly contributions needed to meet the retirement lump sum target.
b. If in the final five years before retirement Patricia doubles her monthly contribution calculated from

a, find the new lump sum amount available for retirement.
c. How much extra could Patricia expect if the interest rate from part b is increased to 11% p.a. (for the

final 5 years) compounded monthly? Round the answer correct to the nearest $1000.
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11. Justin is aged 38 and is planning to retire at 60 years of age. He estimates that he needs $680 000 to
provide for his retirement. His current superannuation fund has a balance of $40 000 and is delivering
5% p.a. compounded monthly.

a. Find the monthly contributions needed to meet the retirement lump sum target.
b. If in the final ten years before retirement, Justin doubles his monthly contribution calculated from a,

find the new lump sum amount target for his retirement.
c. How much extra could Justin expect if the interest rate from part b is increased to 8% p.a.

compounded monthly (for the final 10 years)? Round the answer correct to the nearest $1000.
12. Mr Rookie is aged 25 and is planning to retire at 55 years of age. He estimates that he needs $880 000 to

provide for his retirement. His current superannuation fund has a balance of $600 and is delivering 7%
p.a. compounded monthly.
a. Find the monthly contributions needed to meet the retirement lump sum target.
b. If in the final ten years before retirement, Mr Rookie adds a further $300 to his monthly contribution

calculated from a, calculate the new lump sum for retirement.
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7.7 Topic Review
Multiple choice
1. A loan of $14 000 is taken out over 4 years at 9.75% p.a. (debited fortnightly) on the outstanding balance.

The fortnightly repayment needed to repay the loan in full, to the nearest dollar, is:
$135A. $145B. $163C. $170D. $319E.

2. Rachel repaid a reducing balance loan of $22 000 in 5 years by quarterly repayments and with interest
charged quarterly at 8.2% p.a. on the outstanding balance. The total amount of interest she paid at the end
of the first quarter is closest to:

$1804A. $451B. $150C. $9000D. $10 000E.
3. The number of monthly repayments required to repay a $41 000 reducing balance loan in full, if the

repayments are $588.39 and interest is debited monthly at 10.5% p.a., will be closest to:
500A. 600B. 90C. 100D. 110E.

4. A reducing balance loan of $56 000 is repaid by quarterly instalments of $1332.24 over 15 years at an
interest rate of 5% p.a. (adjusted quarterly). If, instead, repayments of $1500 per quarter were made
throughout the loan (other variables remaining unchanged), the term of the loan would be:

15 yearsA. 14 yearsB. 12 3
4 yearsC. 12 1

2 yearsD. 12 yearsE.
Questions 5 to 7 refer to the following information. A reducing balance loan of $24 000 attracting interest at
6.5% p.a. can be repaid over 5 years by either quarterly repayments or fortnightly repayments.
5. The fortnightly repayment value is between:

$120 and $140A. $140 and $160B. $160 and $180C.

$180 and $200D. $200 and $220E.
6. The quarterly repayment value is between:

$1200 and $1220A. $1250 and $1300B. $1350 and $1360C.

$1400 and $1420D. $1460 and $1470E.
7. If, instead, a rival institution offered a rate of 5.5% p.a., the quarterly repayment value that would enable

the loan to be repaid in full in the same time would be between:
$1350 and $1375A. $1375 and $1400B. $1400 and $1425C.

$1425 and $1450D. $1450 and $1500E.
8. Elena has $2000 to invest in her new superannuation fund that is paying interest of 6.0% p.a.

compounded monthly with $360 monthly contributions from her employer? Which of the following
recurrence relations could be used to model this situation?
A. V0 = 2000, Vn+1 = 1.5Vn + 360
B. V0 = 2000, Vn+1 = 1.005Vn − 360
C. V0 = 2000, Vn+1 = 1.5Vn − 360
D. V0 = 2000, Vn+1 = 1.005Vn + 360
E. V0 = 2000, Vn+1 = 1.05Vn + 360

9. Kerry Green borrows $305 000 to invest in an apartment. She wishes to use the bank’s money to purchase
the property. If the terms of an interest only loan are 6.47% p.a. compounded monthly, the monthly
repayment is closest to:

$1644.45A. $19 733.50B. $30 611.62C.

$1644.46D. none of the aboveE.
10. Claire is aged 48 and is planning to retire at 65. Her annual salary is $60 000 and her employer

contributions are 10% of her gross monthly income. The superannuation fund has been returning an
interest rate of 9.6% p.a. compounded monthly. Claire’s current balance is $92 200 which she wants to
grow to $800 000. The extra amount that Claire will have to contribute each month to ensure this final
payout is achieved is closest to:

$0A. $1990B. $650C. $150D. $240E.
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Short answer
Questions 1 to 3 refer to the following information. Helmut and Su-Li want to buy a boat, so they borrow
$70 000 at 7% p.a. (adjusted monthly) on the balance outstanding and agree to repay the loan over 20 years
with instalments of $542.71 per month.
1. Find the total amount of interest to be paid.
2. Determine the amount still owing after 10 years.
3. If the repayment value is increased to $600 per month after 10 years, calculate the term of the loan.
4. Frieda is repaying a $55 000 housing loan with interest calculated quarterly at 7% p.a. of the amount

outstanding. Quarterly repayments of $1487.93 are being made to service the loan. Twenty repayments
have already been made. Frieda decides to change her repayments to $250 per fortnight. The bank
responds by adjusting interest fortnightly.
Calculate the difference that these changes would make to the overall term of the loan.

5. Bert and Ernie have just finished repaying a 5-year, $8000 reducing balance loan, which they required to
re-carpet their home. During the first year interest was debited monthly at 8.5% p.a.; during the next 2
years the rate fell to 8% p.a. but rose to 8.3% p.a. for the remaining period of the loan. Before signing
their contract Bert and Ernie were also given the option of fixing the interest rate at 8.25% p.a. (debited
monthly) for the term of the loan. By considering the total amount of interest that they paid, determine
whether Bert and Ernie made the right decision in choosing the variable interest rate for the loan rather
than the fixed rate.

6. The actors’ guild provides a donation of $1.2 million dollars to be set up as a perpetuity that earns 7.2%
p.a. in interest, compounded annually.
a. Find the amount of the annual grant.
b. What interest rate compounded monthly would provide the same annual grant?

7. Use the Finance Solver to calculate the unknown value in each of the following annuity investments.
a. A superannuation fund is to grow from $40 000 to $400 000 in 10 years where the interest rate is

expected to be 7.7% p.a. compounded quarterly. What would the quarterly contributions need to be to
achieve this growth?

b. A superannuation fund’s performance is often measured by the interest rate returned on
superannuation investments. What is the required interest rate, compounded monthly, if a current
balance of $40 000 is to mature to $400 000, if there is 20 years to go with monthly contributions of
$200 per month?

Extended response

1. Alisha has saved $10 000 and has several options when she turns18. She chooses to investigate these
options. Answer the following recalling simple and
compund interest formulas from year previous studios.
a. Option 1 is for her to use the sum of $10 000

towards a new 4WD car valued at $27 000. The
car dealership will accept $10 000 as a deposit.
The remaining amount can be borrowed from the
dealer at 6% p.a (simple interest) and is to
be repaid in 4 years’ time.

Calculate the total cost of the car.
b. Another option is to buy a second-hand car for $12 000.

Alisha can borrow the extra $2000 at 7% p.a. compounded
annually for 3 years with a single payment at the end of the term.

Find the amount of interest Alisha will have to pay at the end of the 3 years for the $2000 loan.i.

What will be the total cost of the car?ii.
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c. The third option is to buy a reliable car for $5000 and use the other $5000 to buy a collectable
painting, the value of which will increase with time.

The value of the painting is the expected to increase at a rate of 5% p.a. What will be the value of
the painting in 4 years’ time?

i.

The $5000 car is expected to depreciate at 10% p.a. using the straight line depreciation model.
What is its book value in 4 years? (straight line depreciates means the value of the the item
decreases in value at a fixed rate each year.)

ii.

d. The other 2 cars, being up-market models, depreciate at 15% p.a. on reducing value.
What will be the book value in 4 years for the $27 000 4WD car?i.

What will be the book value in 4 years for the $12 000 car?ii.

Find which of the three options loses the most money.iii.

2. Complete question 1 and use the information to fill in a copy of the following table.

Description $27 000 4WD car $12 000 car $5000 car and painting

Cost of loan (interest charged only)

Depreciation of goods

Total cost

Less benefits (for example, increase
in value)

Total cost

3. Nathan borrowed $6000 towards purchasing a motorbike. The reducing balance loan is to be repaid in
full over 2 years with quarterly repayments. The interest rate is 4.5%.
a. Calculate the quarterly repayments required.
b. Use First order recurrence relation to complete an amortisation table for the loan.
c. Calculate the total amount paid on the loan.
d. Calculate the total interest paid on the loan.
e. Calculate the effective annual interest rate correct to 2 decimal places.
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Answers
Topic 7 Reducing balance loans, annuities and perpetuities
Exercise 7.2 Modelling reducing balance loans with recurrence relations
1. a. V0 = 565, Vn+1 = 1.015Vn + 50 b. 743 students c. 59 new students

2. a. A0 = 3.5 m3 b. 4.15 m3 c. 3 years

3. D

4. a. V0 = 15 000, Vn+1 = 1.0625Vn − 3074.44 b. 6

5. a. V0 = 1500, Vn+1 = 1.004 583Vn + 200 b. $2543.90

6. a. 0.75% b. $18 c. $974.44
d. $482.33 e. $54.36 f. $6.16

7. For the 4th payment

Interest for the fourth payment = $112.42

Principal reduction = $158.90
Balance of loan = $24368.72

8. Interest = $580.15
Balance at end of 3 payments $8994.02

9. a. V0 = 23000, Vn+1 = 1.00542 Vn = 341.54
b. $22 345.80

10. a. A0 = 2000, An+1 = 1.01An − 261 b. $1021.45 c. $3.15

11. a. $15 763.24 b. $15 599.05 c. $15 405.32
A12. E13.

Exercise 7.3 Solving problems involving reducing balance loans using a Finance Solver
1. a. $59 633.49 b. $49 884.16 c. $32 172.59

2. a. $46 102.98 b. $36 196.88 c. $19 556.12

3. a. $156.39 b. $253.36

4. a. $106.69 b. $160.56

5. a. $365.84
b. i. $259.59, $106.25 ii. $339.75, $26.09

6. a. $190.83
b. i. $153.09, $37.74 ii. $181.36, $9.47

7. a. n = 18, 11
2

years b. $214.30
8. n ≈ 8 months

9. n ≈ 15 months

10. 16 months

11. a. n ≈ 16 months b. n ≈ 22 months

12. a. n ≈ 22 months b. n ≈ 28 months

13. a. $363.25 b. n ≈ 55 months c. $3477.50 d. $317.50

14. a. $225.49 b. n ≈
118 fortnights

c. $3910 d. $403.70

15. a. n ≈ 32 quarters (8 years) b. $6066.24 c. $83.94

16. a. 6 3
4
years b. $4259.02 c. $190.26

17. a. n = 7, 13
4

years b. $529.03

18. a. n = 24, 2 years b. 5 years

19. a. n = 36, 3 years b. 5 years

20. D

21. a. i. 2 years ii. 31
2

years

b. i. 3
4

year ii. 11
4

years
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22. a. $384.65
b. i. 10 years

ii. 13 years
iii. 23 years
iv. 241

2
years

i ii iii iv
c. $19 356.40 $25 867.48 $49 870.60 $53 752.60
d. $22 959.60 less $16 448.52 less $7554.60 more $11 436.00 more

23. i ii iii
a. 9 years $9433.28 $585.92
b. 8 years $8861.68 $1157.52

24. D

25. E

26. a. $21 164.60 b. $441.40

Exercise 7.4 The effect of rate and repayment changes on reducing balance loans
1. a. i. Term of loan = 5 years ii. $217.37

b. i. Term of loan = 4 years 25 fortnights ii. $149.63

2. a. i. Term of loan = 6 years ii. $246.17
b. i. Term of loan = 5 years 25 fortnights ii. $164.36

3. a. $4176 b. $4025.27 c. $3984.35

4. a. $6008.48 b. $5825.22 c. $5775.40

5. a. $5496.40
b. i. Term = 5 years and 2 months ii. $6292.40

6. a. $2834.88
b. i. Term = 4 years and 2 months ii. $3286.71

7. a. $22 125.28 b. 10 1
4
years c. $1070.37

8. a. $19 156.45
b. Term = 8 years + 2 months
c. $660.18 more

9. a. $145 b. Jodie made a loss of $220.

10. a. $312.50 b. Profit = $1750

11. a. $523.66
b. Payment number Payment Interest Principal reduction Balance of loan

0 0 0 0 2000
1 523.66 37.50 486.16 1513.84
2 523.66 28.38 495.28 1018.56
3 523.66 19.10 504.56 514.00
4 523.66 9.64 514.02 −0.02

c. $514.00
d. $2094.62
e. $94.62

12. a. $647.06
b. Payment number Payment Interest Principal reduction Balance of loan

0 0 0 0 3750
1 647.06 37.50 609.56 3140.44
2 647.06 31.40 615.66 2524.78
3 647.06 25.25 621.81 1902.97
4 647.06 19.03 628.03 1274.94
5 647.06 12.75 634.31 640.63
6 647.06 6.41 640.65 −0.02

c. $322.75
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d. Payment number Payment Interest Principal reduction Balance of loan
0 0 0 0 3750
1 322.75 18.75 304 3446.00
2 322.75 17.23 305.52 3140.48
3 322.75 15.70 307.05 2833.43
4 322.75 14.17 308.58 2524.85
5 322.75 12.62 310.13 2214.71
6 322.75 11.07 311.68 1903.05
7 322.75 9.52 313.23 1589.81
8 322.75 7.95 314.80 1275.01
9 322.75 6.38 316.37 958.64
10 322.75 4.79 317.96 640.68
11 322.75 3.20 319.55 321.13
12 322.75 1.61 321.14 −0.01

e. Monthly: $122.99, Bi-monthly: $132.34
The interest paid on the monthly payments is almost $10 less than the interest paid on the bi-monthly payments.

13. a. 10 years, A119 = $102.61
b. 9 years 24 fortnights, A257 = $185.59

14. Frequency Total interest($) Saving($)
a Half-yearly 6014.80 –
b Quarterly 5707.11 $307.69 saving on half-yearly
c Monthly 5496.63 $518.17 saving on half-yearly
d Fornightly 5440.38 $574.42 saving on half-yearly

C15. B16.

17. a. $5414.60
b. i. 5 years 2 months ii. $6333.26
c. i. 5 years 4 months ii. $7331.64
A18. C19.

20. a. $3780 per
quarter

b. $8220 profit

21. A

Exercise 7.5 Annuities and perpetuities
1. a. V0 = 12500, Vn+1 = 1.015Vn − 3243

b. 25 cents
c. 25 cents would need to be added to Aldo’s last payment.

d. Payment number (n) Payment Interest Principal reduction Balance of loan
0 0.00 0.00 0.00 12500
1 3243 A = 187.50 3055.50 9444.50
2 3243 141.67 B = 3101.33 6343.17
3 3243 95.15 3147.85 C = 3195.32
4 D = 3243.25 47.93 3195.07 0

2. D

3. a. 30 months b. $1345.37

4. A

5. E

6. D

7. a. $3600 b. 6.4% p.a. c. $3680.27 d. 6.37%
8. a. $7125 b. 6.4% p.a. c. $7314.12 d. 6.37%
9. $320 000
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10. $106 666.67

11. B

12. a. $16 000 per year b. $3000 per quarter

13. a. $1000 per month b. $30 000 per quarter

14. (Q12)

a. N: = 1
I%: = 4
PV: = −400 000

Pmt: = 16 000
FV: = 400 000

PpY: = 1
CpY: = 1

PmtAt: = END

b. N: = 1
I%: = 4
PV: = −300 000

Pmt: = 3000
FV: = 300 000

PpY: = 4
CpY: = 4

PmtAt: = END
(Q13)
a. N: = 1

I%: = 12
PV: = −100 000

Pmt: = 1000
FV: = 100 000

PpY: = 12
CpY: = 12

PmtAt: = END

b. N: = 1
I%: = 6
PV: = −2 000 000

Pmt: = 30 000
FV: = 2 000 000

PpY: = 4
CpY: = 4

PmtAt: = END

15. a. $3200 per year b. 6.25% c. $48.32 d. 6%
16. $17 088.13

17. a. 1.25% b. 2.40% c. 7.50% d. 5.20%
18. a. N: = 1

I%: = 1.25
PV: = −400 000

Pmt: = 5000
FV: = 400 000

PpY: = 1
CpY: = 1

PmtAt: = END

b. N: = 1
I%: = 2.4
PV: = −500 000

Pmt: = 1000
FV: = 500 000

PpY: = 12
CpY: = 12

PmtAt: = END

c. N: = 1
I%: = 7.5
PV: = −800 000

Pmt: = 30 000
FV: = 800 000

PpY: = 2
CpY: = 2

PmtAt: = END

d. N: = 1
I%: = 5.2
PV: = −100 000

Pmt: = 200
FV: = 100 000

PpY: = 26
CpY: = 26

PmtAt: = END

19. a. N: = 1
I%: = 1.242 895 218
PV: = −400 000

Pmt: = 5000
FV: = 400 000

PpY: = 1
CpY: = 12

PmtAt: = END
r = 1.24% p.a.

b. N: = 1
I%: = 2.426 576 795
PV: = −500 000

Pmt: = 1000
FV: = 500 000

PpY: = 12
CpY: = 1

PmtAt: = END
r = 2.43% p.a.
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c. N: = 1
I%: = 7.430 975 749
PV: = −800 000

Pmt: = 30 000
FV: = 800 000

PpY: = 2
CpY: = 4

PmtAt: = END
r = 7.43% p.a.

d. N: = 1
I%: = 5.206 067 34
PV: = −100 000

Pmt: = 200
FV: = 100 000

PpY: = 26
CpY: = 12

PmtAt: = END
r = 5.21% p.a.

20. $66 666.67

21. E

22. a. $20 000 b. $222 222.22 c. $60 000 d. $48 000

Exercise 7.6 Compound interest investments with periodic and equal additions to the principal
1. a. $8067.92

b. A. = $58.10
B. = $209.83
C. = $63.32
D. = $8057.92

2. a. V0 = 10 000, Vn+1 = 1.01Vn + 200 b. $11 645.60

3. $92.84

4. $10 875.43

5. a. $40 000 b. $50 000 c. $10 000

6. a. $39 000 b. $51 000 c. $12 000

7. a. $101.50 b. $106.05 c. $515.08

8. a. $523 000 b. $737 000 c. $214 000

9. a. $779.71 b. $692 646.51 c. $124 000

10. a. d = $1185.65 b. $690 610.64 c. $47 000

11. a. $1168.46 b. $861 442.14 c. $238 000

12. a. $717.34 b. $931 925.99

Exercise 7.7 Review: exam practice

C1. B2. E3. C4. E5.
D6. B7. D8. D9. D10.

1. $60 250.40

2. $46 741.44

3. 18 years

4. If changes not made, term = 15 years. With changes, term = 13 years 20 fortnights.
So difference in term = 1 year 6 fortnights.

5. Fixed: interest = $1790.20
Variable: interest = $1784.51 so correct decision is variable, $5.69 better off.

6. a. $86 400 b. 6.97%
7. a. $5287.59 b. 9.39% p.a.

1. a. $31 080
b. i. $450.09 ii. 12 450.09
c. i. $6077.53 ii. $3000
d. i. $14 094.17 ii. $6264.08 iii. The $27 000 car option
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2. Description $27 000 4WD car $12 000 car $5000 car and painting
Cost of loan (interest charged only) 4080.00 450.09 —
Depreciation of goods 12 905.83 5735.92 2000.00
Total cost 31 080.00 12 450.09 10 000.00
Less benefits (for example, increase in values) — — 1077.53
Total cost 31 080.00 12 450.09 8922.47

3. a. $788.46
b. Payment number Payment ($) Interest Principal reduction Balance of loan

0 0 0 0 6000
1 788.46 67.5 720.96 5279.04
2 788.46 59.39 729.07 4549.97
3 788.46 51.19 737.27 3812.70
4 788.46 42.89 745.57 3067.13
5 788.46 34.51 753.95 2313.17
6 788.46 26.02 762.44 1550.74
7 788.46 17.45 771.01 779.72
8 788.46 8.77 779.69 0.035

c. $6307.68
d. $307.68
e. 4.58% (correct to 2 decimal places)
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