
Topic: Compound Interest and Depreciation Name: JJN-,^S

* Simple Interest (or Flat Rate Interest)

Simple interest is the interest which is paid to the investor and not added to the

initial investment amount.

â The interest is not re-invested during the period of the investment.

â The interest paid to the investor is the same each year (or any time period)

for the duration of the investment.

Any investment of $P at R% per annum (i.e. per year) simple interest for T years,

the interest earned:

where P = the principal

R = Rate (%) p.a. (p.a. means per annum or per year)

T = Number of years

• The total amount of the investment: Amount = Principal + Simple Interest

Note : For some textbooks'

where r needs to be converted to a decimal.

For example: 9% p.a. >>>>> r = 0.09

* Flat rate loan:

For a flat rate interest loan, the interest is calculated as simple interest for the full term of
the loan and then this interest is spread equally over the number of repayments that are to

be made to repay the loan.
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Ex 1. Calculate the interest earned on an investment of $900 at 4% p.a. simple interest

invested for 3 years.

CI L4 x3 \^%

Ex 2. A sum of $6,000 accumulates to $6,570 in 30 months. Calculate the rate of simple

1Z 1
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Ex 3. For how long must $10,000 be invested at 5.5% p.a. to earn $2,750 in simple

interest?

interest.
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Ex 4.

A simple interest arrangement of 5.4% per annum sees an initial investment grow to

$11121.60 in 6 years. What was the initial investment?

\JJ

P ` ^'^ 4^^D

Ex 5. Christine borrows $3,600 at a flat - rate of 6.6% p.a. The loan is to be repaid monthly

over 18 months . Calculate

a) the total interest paid on this loan.

x (z,

-
1^0

b) the monthly repayments to be made.

MJh ^ o,,, mQ,, \^ S 3^1 S 6 . y 0
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Ex 6.

Anna borrows $6000 at a flat rate of 5.4% per year. The loan is to be repaid monthly over four years.
(a) Calculate the total interest that needs to be paid on this loan.

(b) Calculate the monthly repayments to be made.

(c) Write a recurrence relation that will give the amount ; an, Anna owes at the end of month n.

(d) How much does Anna owe after (i) 1 year? (ii) 2 1 years?

(e) At the start of which month does Anna owe less than S1000 for the first time?

G o o ^) ti x 14

^^s"'^"\^ ►^^^ ^,,^m^^^s ; ^ 2`16 ^ Z^ ^

r\ = L Z ) _ 9 ^Z-

Complete Ex2
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When compound interest is calculated the interest earned during the first interest is added to the

principal. it means that the first interest will be used to earn more interest for the following year.
This process of adding the interest of one period to the principal at the end of each interest period is

know as compounding the interest.

Earning interest on your interest as well as on your initial investment. An investment would be an

exponential function since it represents a percentage increase situation. The amounts can also be

thought of as a geometric sequence.

• Total Amount:

Amount = where P = Principal / the initial investment,

r = interest rate (as a decimal), t = the time.

OR

vX U f, 1• Total Amount:

where P = Principal / the initial investment,

r = interest rate (as a decimal), t = the time.

n = the number of times interest is added each year

P(1 + ''^) "' -P
n
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Ex 7: Determine the interest paid on $15,000 invested at 10% per annum compound interest for

-) 3 years, with the interest compounded

a) annually,

c) quarterly,

e) weekly,

R

T

k S o

b) every six months,

d) monthly,

f) daily.

P ` ^ ISood
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Ex 8. Find the value of an investment of $8,000 invested at 3.8% p.a. compounded

annually for 5 years.

0 ^^^ ^4x3^

4
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Ex 9. Calculate the interest earned after 3 years on an investment of $12,500 invested at

6.7% p.a. compounding quarterly . L 3 V Rev \ ;

JIN

Srs

Ex10.

At an 8% annual compound interest rate, with compounding every six months, how
many years would it take for an initial investment of $2500 to grow to $3700 ?

P= P^ 1}r`^"^
3100 ^ ^SO^^ l r, V cck>

Ex 11.
L/

R-P

IS25^ .^ ^ ^ZSO ^

"z4
An investment of $45,000 compounded quarterly, amounts to $53698.20 over a period of 5

years. How long, to the nearest month, will it take for the investment to amount of

$ 60,000?

BSI
C

\^^ r Z o .03SS

r ^ `3 . SSA 1

Complete Ex 2B.

g^^s 2^^^s
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Compound interest invesments and loans using recurrence relations

Ex 12 . Find the value of an investment of $5,000 invested at 6% p.a. compounded annually for 5
years.

^ M^^-hod 1

-7\5)
Sao ^^ ^^

^ 66^1.1J3

ykW S ^o o x x.06 _ 530

'. Rew.Y^S 1ve.
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h = 53o o x x.06
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Ex 13. $25,000 is invested at 4.5% p.a . compounded monthly.

a) Calculate the value of this investment after 5 years. U,^yS
Y\ (^g IM 0^1

\1lTc^r^^

13.C
z

312q^ °1^ ^D Soc^o

= rvA 60 31 Zg14.1 I0
b) How much interest is earned by this investment over the 5 years?

\1qy qo . 2Sc c O

c) Calculate the interest rate that would produce the same value for the given
investment after 3 years.w ,X11, •) ^^

`r = 1. o0(-25-1 4^ 1--^

.SOg3^1 S^
r,j
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Ex 14 . C ^C -^c2< (2\^

$2000 is invested at 8.4% per annum for 4 years compounded annually.
(a) Write a recurrence relation that describes (b) What is the value of this investment at the end

the value of the investment at the end of of four years?
n years.

(c) How much interest has been earned after
4 years?

e) What is the value of this investment after
seven years?

(d) How much interest has been earned after
3 years?

(f) What interest rate will produce the same value
in three years as that found in (e)?

C^) ^N,^ )
^1 tn^,a.r,^ = 254 1. S2

51

1.201073

z4 C-\M^^ ` v .2o^o113q

e ` ^ U1^1-1 `3gX140

20 .7^11^ Cade^llc,j
N 2O ^/ (za^^)
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Ex15 . C r.X`ZCtM^

A sum of $10 000 is deposited in an account. The terms of the account allow the value of the
account to increase by 10% each year.

(a) Fill the table below to show the value of this investment over the first 5 years.

T rrae (t years) 0 1 2 3 4

Value ($v) " 2 o0 13 3 0 3 1 w €' 1
moo. iO^^

(b) Write a recursive formula for V. the value of the term deposit after t years.

vk--)^1 = \ -\ ^^
vo , l^k) vp

(c) Show how to use your recursive formula to calculate the value of the investment after 6 years.

NJ 6 = \-1 NS
l . i x ^ b10S •^O

(d) When will the value of the investment first amount to $50 000? 1 V SOS^y .

(a) How much intere will be earned by 4s investment after a period of 10 years?

(f) How much interest is earned during the 10t" year?

G\
Sq3^ . ti Z - z3s^q . g = 231 , °I

(g) What simple interest rate will produce the same amount over a period of 10 years?

Complete Ex 2C
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Using the "Financial Application " of a Graphic Calculator

Example . A sum of $60,000 was invested at an interest rate of 6.5% p.a. compounding

annually.

a) What is the value of this investment after 4 years?

b) How much interest was earned over the 4 years?

â Financial
â Compound Interest

For the situation under consideration:
--^j N is the number of time periods, which in our case is 4 as we are

compounding annually for 4 years.
-->J% is the annual interest rate as a percentage, which in our case is 6.5%.
->PV is the present value or principal being invested and is entered as a

negative quantity as we no longer have this money because we have
given it to the bank. In our case we need to enter -60000.
PMT is the amount paid each period, for compound interest there is only
one deposit which is the principal, hence we need to enter zero.

-aj FV is the future value of the account, this the value of the investment and
will be given as a positive quantity as this is the money that we get back
from the bank.

-aj P/Y is the number of instalment periods per year. In our case it is 1.
-jC,/Y is the number of times interest is compounded per year. In our case

it is 1 as interest is compounded annually.
For all compound interest calculations P/Y and C/Y take on the same value.

a) The value of this investment is given in the FV box:

= $77, 187.98

b) Interest = Value of the investment -Amount invested

= $77187.98 - $60000

= $17, 187.98

Classpad:

Compound Interest

N

I°!u

Pv

PMT

4

6.5

600000

FV

ply

C/Y
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Ex 16 . How much must be invested to amount to $21,000 in 4 years at 6.58% p.a.

compounded monthly?

"_ IZ lk^S^t^

t \ IS 1 . %^^

Ex 17 . \ -0 1,%\

N_ Lq yx^z

Heather has $12 000 to invest for 6 years and has a choice of the following investment options:
OPTION A: simple interest at 12.1 % pa.
OPTION B: compound interest at 11.5% pa compounded annually.
OPTION C: compound interest at 10.6% pa compounded monthly.

Which of these investments give the best return on her money. g15^^-9-

ot zr.

1°% = 1Z .1

S S = `?) -_•'^ X111

ap^ior^

N

Pv . -12pQ^

P^nj Q

^/y=

1 c^^ `L3^S^ ^1-1100
his return?

^11pS^ •^11
(b) What is the dollar value o

O.n\ C>?)*^, X\ D"

T - & C V (^\v& I ' ^\ S

Complete Ex 2D
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EFFECTIVE ANNUAL INTEREST RATE
Interest rates are usually given as a nominal (or stated) annual rate of interest. When compounding the
interest occurs more than once per year, the actual rate of interest will be higher than the nominal rate of
interest.

Consider an investment of $4000 invested at 9% per annum for 4 years compounded:
(a) annually
(b) quarterly
(c) monthly

Using the financial application the amount of each of these eompoundings is given below.

(a) Compounding annually (b) Compounding quarterly (c ) Compounding monthly

Compound Interest

PV

FV

Ply

eLY

-4000

r
Compound Interest

LEL
FV

PMT

I'v

P/y

C./Y

!^--

- 4000

0

i
4

Compound Interest

1%

IPV

48

179

4000
-=PMT LE--_

TT

PIY j12

C/Y 12

Examination of the answers for parts (a), (b) and (c) above clearly informs us that the nominal interest rate of
9re per annum applied over differing compounding periods does not give the same result.
It is quite obvious that the equivalent annual interest rate being applied in (b) and (c) above is more than the
nominal 9% per annum. This equivalent interest rate is known as the effective annual interest rate.

NOTE:

â The effective annual interest rate = (1 + )n - 1
n

where i is the annual interest rate, written as a decimal

n is the number of compounding periods per year.

OR

â The effective annual interest rate =i

Hence,

For the situation under consideration the effective annual interest rates can be calculated as follows:

(a) ie fec ve (1= )" -1 (1 -1 = 0.09 that is 9%% which is as expected because 9% is the annual rate.

(b) i^?tectit^e = (1
ii )n 1= (1 )4-1 = 0.093083 (6 d.p.) that is 9.3083% per annum.

(c) Jeff 1i:A = f1 F }" 1 (1+0T'112 )1 ` -1 = 0.093807 (3 d.p.) that is 9.3807% per annum.
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Ex 18.

Find the effective annual interest rate for a nominal interest of 8% per annum with
compounding occurring quarterly.

(di Compare and comment on your answers to (a; and (c).

A sum of $10 000 is invested at a rate of 9.6% p.a. for 5 years compounded monthly.
(a) Calculate the interest earned if the interest is compounded monthly using a recurrence relation.
(b Calculate the effective annual interest rate on this investment as a percentage rounded to 4 d.p.
(c) Calculate the interest earned on this investment using your calculated effective annual interest rate.

Ex 19.

w)n

Complete Ex 2E
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Inflation and Depreciation Inflation

inflation is a term used by economists to describe an increase in the price that you pay for an item, or in other
words it is a decrease in the purchasing power of money.

For example it the price of a litre of petrol today is $1.50 and the inflation rate is 4% p.a. then the price of a
litre of petrol one year from today will be 1.04 x $1.50 = $1.56, that is, an increase in price of 6 cents.
Alternatively, $1.50 will no longer buy a lire of petrol that is, the purchasing power of $1.50 has been
decreased.

Ex 20.

The present cost of an item is $80. What will it cost in 6 years from now, if inflation is running at a constant
rate of 3 . 8% p.a.?

^S^ \

(-Az^ ^ ,'^ -- '2 ^) -X ^^P

C^^ ^a 3 s) ^o x ^- ^3^

4 o, q 0 x 1 -c^3^ 7:1
C

Ex 21.

A home unit advertised for $350 000 was purchased for $280 000 five years ago. What constant annual rate
of inflation would produce this price increase?

2S(3 U O x r S 3 ^^ Q) Q)

S")I\j W : r _ 1,X456

rVl n y7itVk S

A ^- Y
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Ex22 . C^1cu t^i:l

What inflation rate needs to be applied to cause the value of a commodity to double in value
(a) in 5 years? (b) in 10 years?

2^ PxrS 2^_ 1^
^^

S

o\\►RW . .14^3^1.

Complete Ex 2F
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Depreciation

Depreciation is the reduction in the value of an item or asset usually clue to age and/or wear and tear due to
use. An estimate of the value item or sset i called the book value h written down value and is
calculated using the formula : Book value = Oriaina cost of the itern - Depreciation.

2)' ^ V^\ eZ _ d-,_ ?^Q U 1,\W61,
The residual value of an item or an asset is the value of that item or asset at the end of it useful life that is
its salvage value, trade-in value or scrap value.

Depreciation can be calculated using three different methods:
• straight-line (or prime cost or flat rate ) depreciation method,

unit cost method of depreciation, and
• reducing (or declining ) balance depreciation method or diminishing balance depreciation.

The depreciation expense of an item is given by: (.Depreciation expense = Cost - Residual value

method spreads the cost of the item or asset even) over its useful
With straight-line depreciation the asset loses the same amount of value each year. In other words. this
In Ia rate or straight - line depreciation , the value of an asset is depreciated by a fixed arnount ear,
Flat Rate D e orec ation Method

u f ' lif f tk

T The calculation of straight-line depreciation can be modelled by an arithmetic sequence.
a8 l a 2 O @ aSSE

Ex 23.

The purchase price of George's computer system was $6800. George depreciates his computer system at a
rate of 10% per annum, using the straight-line depreciation method,
(a) How much value will the computer system lose each year?
(b) Find the book value of the computer system after 8 years.
(c) When will the book value of the computer system be zero?

^o^^v^^,9 ^ - 6$^v []ix6 $ o _ 612
_ mob - ^, x (3

t,3R

^^) A \f \v . 0 , (-9 (\ I-, - ^ x ^$ b 4 I3&

\j1___. i 6120

c" Y\

6^vv - 6 8 0 n _ 0 W
14 Z

t

$^v , Q Boc^S)
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Ex 24. y y I
Machinery purchased for $300 000 has a lifetime of 16 years and has a residua[ value of $20 000,
a) What is the straight-fine depreciation exaense for this machinery?

(b What is the value of this machinery after 10 years ? ve ^^ a\

- ^o^oi^ o - Ix qbi^ -:^Ic^- I oo2 \A o

o Y

\^ cs . ^^oo^o 10 1^ ^o^ 125^^0 O

OR

Complete Ex 2G

lb
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Unit Cost Depreciation Method

In unit cost depreciation, the depreciation of the asset is based on the number of units produced by the asset
during the year. This method of depreciation is sometimes referred to as units of production method or
units of activity method.

Unit cost depreciation may be modelled by an arithmetic sequence in situations where the production level is
the same each year over the useful life of the asset.

To calculate depreciation using the unit cost method:
1. Estimate the total number of units to be produced (for example the number of copies made using a

photocopier, the number of kilometres driven by a car, the number of hours a machine was used etc.)
over the useful life of the asset.
Calcul to the depreciation cost er uni of production usin the formula:

Cost-Residualcost per unit = Value

Total number of units roduced

Calculate the depreciation based on the number produced during the year using the formula:
Cost-Residual ValueDepreciation expense = ............. _...... _...............- x Number of units produced

Total number of units produced

Hence Depreciation expense = Depreciation cost per unit x Number of units produced

Cr's^ V " A. I "'A...
Ex 25.

St q

A piece of machinery purchased for $330 000 has a residual value of $50 000 and is expected to produce
140 000 units over its useful life.
(a) If this machine produces 10 000 units in the first year, calculate the depreciation expense for the first year

and the book value of the machinery after the first year.
Due to a steady demand for this product, the enterprise produces 10 000 units of this product every year.
(b) What will be the book value of the machinery after 10 years?
(c) When will book value reduce to the residual value?

_ ^_ Restvg1 J c^^vt

^3^ 000 _ S o o ^ _ r Y v. n^

a^f

b1 ^^^^^v( _^ ; 33O^o^ _^1 x2oc^oo : 3^0 ^oo^

^^ s^ 33oovo - xok')o
?9- C ,c . i ^,^, ^ Y,-2^ 0c

S o^^ ^^o ovv , 2^ boo x avcsz 19



Ex 26.

At the start of the 2014 financial year Unitec purchased a van for $34 500. The van has been estimated to
have a useful life of 300 000 km. The trade-in value of this van at the end of its useful life has been estimated
to be $6000. The spreadsheet below shows the kilometres travelled over the first four years.

Year Kilometres Annual De reciation Accumulated [fie reciation Book Value-
2014 85000
2015 68 000 G 1 314
2016
2017

75 000
84 000 ".. °^ 1 tiR^a^_ C^ c\c\

Complete the spreadsheet using the unit cost depreciation method.
7

')'j-Sc _ c

TT
\ ^ 1^ I

Nom y
11

1 '` ^ ^\ 0^1 15 ^ 3 y SO O - ^^o

Complete Ex 2H
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Reducing Balance Depreciation

With reducing balance deprec tion the book value of an item is reduced by a fixed gercentaae of its book
value at the beginning of each year. Hence the depreciation varies from year to year. Sometimes reducing
balance depreciation is called diminishing value depretion.

NOTE: If there is no indication in a problem that the flat rate deprecation method should be used we
automatically assume the we should use the reducing balance depreciation method.

Ex 27.

The value of a new car is $26 000. Find the book value of this car after 4 years if it depreciates each year by
8% of its book valve.

qjt va^^ - C7 _qZ

2600 x 4 .q2^

k) x - qty I $ 62^ ,ZL
'^ RQC^csi^ Q

iD =26ao^

11

^ ^,=26^ov ^ o °12n
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Ex 28 . `(^ )c IT I

Frank's 5 year old car is currently valued at $12 310 and when it was 2 years old it was valued at
$18 375.
(a) Calculate the constant rate of depreciation as a percentage correct to 1 decimal place.

'^ ^^QYe^; ^h Q1RQ,r•^- 6 fl 6's _ 6^3. $^ / 1- ^,^6^^ v,q ^^
(b) Calculate the price Frank aid for the car when it was new.

OY`"k

(c) Calculate the value of FranK s car 2 years from now.

V2 4^1 11 y2^ , y
(d) Write a recursive formula which will give the value of Frank's car V after n years.

(e) Using your formula or otherwise find after how many years will the value of Frank's car be less
than $5 000 for the first time.

( S

Complete Ex 21
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