Topic:Compound Interest and Depreciation Name: SO\\‘\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.

» The interest is not re-invested during the period of the investment.
> The interest paid to the investor is the same each year (or any time period)

for the duration of the investment.

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

the interest earned:

e

PRT

Simple Interest (S.l.) = 500,

where P = the principal
R = Rate (%) p.a. ( p.a. means per annum or per year)

T = Number of years

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

X A=P+1

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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Calculate the interest earned on an investment of $900 at 4%
invested for 3 years.

Ex 1.

p.a. simple interest
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Ex2. A sum of $6,000 accumulates to $6,570 in 30 months. Calculate the rate of simple
interest. PR
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Ex3. For how long must $10,000 be invested at 5.5% p.a. to earn $2,750 in simple
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?
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Ex5. 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.
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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, a,, Anna owes at the end of month n.

(d) How much does Anna owe after (i) 1 year? (i) 21 years?

(e) Atthe start of which month does Anna owe less than $1000 for the first time?
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Compound Interest

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.

e Total Amount:

Amount = » where P = Principal / the initial investment,

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

C)\mjw\tx\

OR

e 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

Interest earned = Amount — Principal = A—P

pa+Dym —p
n



Ex7: Determine the interest paid on $15,000 invested at 10% per annum compound interest for

be ~— 3 years, with the interest compounded

P = $\S000
a) annually, b) every six months,

Vg ‘Q?/ & A
c) quarterly, d) monthly, L

- 3 \askov(s
e) weekly, f) daily.
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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.
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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. compoundmg quarterly. * LV\W Loy e o\
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Ex 10.

[Y\ o
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 ?
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Ex 11. Aninvestment 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?
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Compound interest invesments and loans using recurrence relations
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Ex 12. Find the value of an investment of $5,000 invested at 6% p.a. compounded annually for 5

years.
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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.
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b) How much interest is earned by this investment over the 5 years?
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c) Calculate the interest rate that would produce the same value for the given

investment after 3 years. -
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$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?
nyears.

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

(e) What is the value of this investment after  (f) What interest rate will produce the same value
seven years? in three years as that found in {e)?
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Ex 15.

L Ex2C, sf1)

account to increase by 10% each year

A sum of $10 000 is deposited in an account. The terms of the account aliow the value of the

(a) Fill the table below to show the value of this investment over the first 5 years
Time (t years) 0 1 2 3 4 5
Value ($V) \O OO [ 11 A | 12109 [ 1331Q | 1y 641 [ 16insio
(b) Write a recursive formula for V,, the value of the term deposit after { years.
Vg2 1\ Vi
Va 2 19600
{c) Show how to use your recursive formula to calculate the value of the investment after 6 years
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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?

Solution

Classpad:

» Financial
» Compound Interest

For the situation under consideration:

= N is the number of time periods, which'in our case is 4 as we are
compounding annually for 4 years.

1% is the annual interest rate as a percentage, which in our case is 8.5%. @ n )
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 %] (65 |
[PV |-60000 |
|

Compound Interest

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 PMT] 0
one deposit which is the principal, hence we need to enter zero.
= 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 PrY
from the bank. cry

=» P/Y is the number of instalment periods per year. Inourcaseitis 1.
—> C/Y is the number of times interest is compounded per year. In our case
itis 1 as interest is compounded annuaily.

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

=517,187.98



Ex 16. How much must be invested to amount to $21,000 in 4 years at 6.58% p.a.
compounded monthly?
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Heather has $12 000 fo 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. p) \ \_
Q\ (a) Which of these investments give the best return on her money. 3 \'\Q
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EFFECTIVE ANNUAL INTEREST RATE , )
Interest rates are usually given as a pominal (or stated) annual rate of interest. When compounding the

interest ocours 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 compoundings is given below.
{a) Compounding annually {b) Compounding quarterly {c) Compounding monthly
- N N ~
Compound Interest Compound Interest Compound Interest
(N (4 I N [a }
(%] L8 | E |
Pv] [-4000 [pv] [-4000 |
Pa1] [0 | PaT] [0 |
R 2
PY
CcyY
(¥ AR /N A

Examination of the answers for parts (a), (b) and (c) above clearly informs us that the nominal interest rate of
9% 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 8% per annum. This equivalent interest rate is known as the effective annual interest rate.

NOTE:

[
> The effective annual interest rate = (1 + ;l-)n -1

where i isthe annual interest rate, written as a decimal

n is the number of compounding periods per year.

OR

i
» The effective annual interest rate = Lefrective = (1 -} _)n =
n

Hence,

For the situation under consideration the effective annual interest rates can be calculated as follows:
(8) Tottetive =(1+1)" = 1=(1+282)' —1 = 0.09 that is 9% which is as expected because 9% is the annual rate.

(B) lattecve = (1+ 5" —1=(1+292)% —1 = 0.093083 (6 d.p.) that is 9.3083% per annum.

© lettopvs ={1+5)" = 1=(14 91»—%—9-)"2 -1 =0.093807 (6 d.p.) thatis 8.3807% 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.
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Ex 19. 0. Qa6
i

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.
(d) Compare and comment on your answers to (a) and (c).
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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 litre of petrol that is, the purchasing power of $1.50 has been
decreased.

Ex 20.

The piesent cost of an item is $80. What will it cost in 6 years from now, if inflation is running at a constant
raie of 3.8% p.a.?
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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?
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What inflation rate needs to be applied to cause the value of a commodity to double in value

(a) in 5 years?
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(b) in 10 years?
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Depreciation

Depreciation is the reduction in the va ue of an ntem or asset usually due to age and/or wear and tear due to
use. An estimale of the value glan he written down value and is

calculated using the formula : { Book value = Oragma cost of the item — Depreciation.

Bk v = Dl Lol < deprranaion

The residual value of an item or an asset is the value of that item or asset at the end of i 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.

Flat Rate Depreciation Method

InTlat rate or straight-line depreciation, the value of an asset is depreciated by a fixed amount each yea.
With straight-line depreciation the asset loses the same amount of value each year. In other words, this
method spreads the cost of the item or asset evenly over its useful |j

The depreciation expense of an item is given by: (Depreciation expense = C0st ~ Residual Value
Useful life of the asset
3{" The calculation of straight-line depreciation can be modelled by an arithmetic sequénce.

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.

(¢} When will the book value of the computer system be zero?
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Ex 24. \/ \I \/
Machinery purchased for $300 000 has a lifetime of 16 years and has a residual value of $20 000.

(a) What is the straight-line depreciation expense for this machinery? \

{b) Whatis the value of this machinery after 10 years? A $\\}\M“\
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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 ievel is
the same each year over the useful life of the asset.

To calculate depreciation using the unit cost method:

T 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.

* 2 Calculgte the depreciation cost per unit of production using the formula:

Cost-Residual Value
Total number of units produced
X s Calculate the depreciation based on the humber produced during the year using the formula:

Depreciation expense = .. Cost—Residual Value
Total number of units produced
Hence [Depreoiaﬁon expense = Depreciation cost per unit x Number of units produced ]

Depreciation cost per unit =

x Number of units produced

S \l‘f\‘l S\\C)\Mo\\ VU\)\MK

Ex 25.
\Y

A piece of machinery purchased for $330 000 has a residual value of $50 000 and is expected to produce

f‘b\«x.\ ),140 000 units over its useful life.
“\\g If this machine produces 10 000 units in the first year, calculate the depreciation expense for the first year
W

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?
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Sk Ex26.

At the start of the 2014 financial year Unitec purchased a van for $34 500. The van has been estimated to
have a useiul 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 Depreciation | Accumulated Depreciation | Book Value
2014 85 000 ¥QTS SN S REEHIY
2015 68 000 QuCa 1N S3S A YLT
2016 75 000 HIRAS LIREQ L3\
%*[2017  [84000 9R0) SRMo (ARG 2SVQ (lnge) €

Complete the spreadsheet using the unit cost depreciation method.
e st

* DQQYQ P e ol po o \Q&s\ - Raadmal Vadae
BN A No. v ROR\ o) ‘?xbkmu\

24SI — Q200

- ~ 0.
300 000 # QC\S ?Q’V\Lm

oS o Ot b R, Lor S anbs/iom)
. S loge b{?ﬂv\\\\‘
Py e dneal 6.0 o
Wh  |WR We | %LD
\ EEXNNN vt A = 345000\
T 6 N0 = Q4

2 REENEYY n

« 2\ das Q“\”\P\k\‘} f\.h e )R\\J\{
\i&\ 1\
Pt s TRSTY \“‘ZS:E:\A:V
. M Baele Vol 1S Q‘?‘{ o |\~\~R\r\ Vs \ess Yo %éﬁx\@ =) o W
=) TR wrizel be vl > 0 \

P hade A valwe )
. r\\\\w\o\x . \x\(.\&“\\x\\}\\{x\ A&?W\m\\”b\z\ 'S 5 SO0 - 'b&m:}?%m

> PR e ACCuma| el Wmo\“ﬁm \'s = WRANNN
o Wik QR _ O\Q‘NQL\\U\N\“ g NS \3\\

$6050 - $4R6o
= $ 140

% T\\L LAY Py
(v Wnug) PR on = ¥)930 = $1140 = 440

Complete Ex 2H
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Reducing Balance Depreciation

With reducing balance depredaﬁon the book value of an ftem is reduced by a fixed percentage of its book
vaiue at the beginning of each year. Hence the depreciation varies from year to year. Sometimes reducing
balance depreciation is called diminishing value depredation.

NOTE: If there is no indication in a problem that the flat rate depreciation 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 value.

%Q/“ ‘\t\)‘(&u\u\\‘oﬁ :.) q1°(\ \/u\)v\x = Q-C\’L

Bay
Sdvolue oy o — 16000 X 0.99

\ A

W

\\

o @*@Ms = 18000 x O.C\@
B G E»g«m = Woooo X G.WL@

L‘

N w PR s Lhetex 09U | 18 06 AL
R RResg N
‘\_\_\\: leﬂih oY
’Tb :l%QQQ

I

Bt
V= 28000 x 0 9

—

DT = %R S Ty= #1300
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Ex 28. £E7(7.1 lQ'U;l

Frank’s 5 year cld 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.

DRPIAR o Lt \,\3 - B3Rs_ e $ @QSE/{/ MN;O%}

Ry
vy *{?Ym\‘r\w/?w SORS . 3Ty /\éw '~ A0l k0461
(b) Calculate the price Frank paid for the car when ;t was new. % q
f0 s QLAY Mice | [ 3/
\ 123 g 08eRLS IR
Pl nane =z s - PINERR ) 3 ui)

(c) Calculate the value o1 FranK s car 2 years from now.

L Do w Q,Q\g’;’)lSjj MR - $ N\, Q\-\

(d) Write a recursive formula which will give the value of Frank’s car V after n years.

g Th X 0963
Vo = WER.

(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.

A,

——

: g Sou R

e = e

\:kw\k S Qo wall i gy Pon 35009 (}Hw ”NM
"\‘6 \‘\V\Q, %Q \g\w

Complete Ex 2I
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