Lesson 2: Investments Using Compound Interest
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Financial Mathematics Lesson #2.
Investments Using Compound Interest

Compound Interest Formula Whers fnferest is Nor Componnsied Sanpaily

The compound mterest formula in the previous lesson can be adapted for cases whete the
compounding does not occur annually, e.z. semi-anmially (twice a year), quarterly (four tmes
a vear), monthly (twelve tirmes a year), etc.

The formula 1s the same, but { and » are defined 1n terms of the compounding period.

AmP(1+i)

where

3~y

represents the final amount
represents the imitial principal
represents the interest rate per compounding period
represents the number of compounding periods

« Note that { does NOT always represent the annual interest rate.
annual interest rate

i 15 calculated as

number of compounding periods per vear

* Note that n does NOT always represent the number of vears.
rt is calculated as — (number of vears) = (number of compounding periods per vear)

If the annual rate of interest is 6% per annum, state the interest rate per compounding period
and the total number of compounding periods in each case.
a) compounded sgini-snnnally for 5 vears

'—“".;' ~ inderedt vote _G'i/, =3
# of periodd S x2 =10

33 000)is invested fod

12

b) compounded monthlv for 6 years

inere>t rate . X | 0,57,
# of periods éxla=7

ard at an annual interest rate o Complete the table to calculate

final value of the mvestment if interest is compounded according to the period of time
given in the table.

Number of | Total Number | Interest Rate .
Compounding | Compounding af per Formu 'S Amoun
Period Pen}fisri“er Cor;g;;;nd;img Conggﬁf;fmg A =?( H l) 2] £
- || DN=D | Z - T1jam(i0l)’ (HA0766
sty ) | 533710 | Ik - 357jawoLous)[%33 80
— Y |5x4=20 | Tt=1757 oo Y944 33
Monthly |a 5xid= 60 —75{- =0.583 | 5%752. 88

Complete Assignment (Juestions #1 - #2 |
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512 Financial Mathematics Lesson #2: Investments Using Compound Interest

Using TVM to Solve Non-Annual Compound Interest Problems

REMEMBER:
P/Y represents the iumber of pavments (PMT) made to the investment or loan.
« For questions with g pasipsts, make P the ssne 28 the OO0 valus,

« For questions with paviments, the P/Y value is equal o the number of payments
made in one vear.

Cluss Ex. #3 Consider the compounded quarterly part of the table from Class Ex. #2.

L is invested for 5 years|at an annual interest rate off 7%fcompounded quarter]y

LR i etermine the value of the investment at the end of the term ™
a) Complete by answering the questions.

‘Wh‘ does PV = -30007

Why docs N =5°47 _ 'N=Swall ~ how much mone marsy
i for quarierh 7 . ot of pockd
S #of yeas PMT=D <———— Why does PMT =07
Why does P/Y =4 p3§24 no mare
dl'b(' ['J"i 47 Co\= @V?
anun’rs S0 | PMTHEND]| BEGIN <€— What'is the timing

/Huza are m Some e pavmens? 4

b) Calculate the FV value. Compare this solution with the compounded quarterly part of
Class Ex_#2.

sF\/= Y34, 334597
foiure Vale 1s 434, 33

ClussEr.#4 | Mmuel.e would like to invest money so that she will have 55 G0 =SxY
! in % vesrs. The bond she would Like to invest in predicts an annual interest 1%=75

eend

L 8 | Efifé;mféév mngainded guarerdy . How much should hﬂ@ —#%’Vmigﬁﬂ-w" $Pv E
R ) g ¥ o invest 3784750 to e | pyy g
V\MVQ q Tal S dears ;ﬁfm BEGIN FV 9000

4 713
| Complete Assignment Questions #3 - #7 l &ﬂCQ\C\)‘G”OV com —— / Idj a0
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Financial Mathematics Lesson #2: Investments Using Compound Interest 513

Annuity

An annuity is a series of equal payments made at regular time intervals.
There are different forms of annuites. For example;

* A regular savings plan can be considered as an investment annuity.

* Paving off a loan (next lesson) or 2 mortgage (in Lesson 4)
with regular payments is a form of an anmuity.

* Retirement income 1s often received in the form of an annuity.

Using TVM for Basic Annuity Investment Applications

Becanse an annuity involves making periodic payments, keep the following in mind:

* The P/Y value is equal to the aumber of pavments made in one vear (unlike questions with
no periodic paviments).

* The PV (present value, or initial arnount) may be zero, or not. If PV is zero, it indicates
there is no iritial amount, but there are regular periedic payments. If PV is a number
other than zero, then an initial sum of money was invested (or borrowed) together with
regular periodic payments.

Consider the following investment problem:

“ Byron invests 3600 in a savings account quarterly. If the account pays interest
at 7% per vear compounded quarterly. what is the value of the investment at
the end of three vears™

a) Why would this type of investment be considersd an annuity?

b) Complete the following to answer the question in the scenario using TVM Solver.
The diagram below shows the screen display after the FV value has been determined.

Why does N =127 N=178
I%= | Why does PV =07
PMT= — What is the PMT value
= Fl)= = d why is i ive?
Wik il LR - o oHlE: | (AENNE S
and C/Y =47 Co\=4

FMT: END BEGIN -e— Whatis the iming
of the pavments?

¢) What is the value of the anmuity investment at the end of three years?
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514 Financial Mathematics Lesson #2: Investments Using Compound Interest

ClssEe#s | Banker Bill wanted to set up a fund for his granddaughters Becky and Bonnie. The girls had
! to choose between the following two options:

L . Option A: Two thousand dollars will be invested on each birthday between
£ | aze 27 and age 84 inclusive. The money will stay in the account unnl age 63.

Option B: Two thousand dollars will be invested on each birthday betwesn
age 19 and age 26 inclusive. The monev will stay in the account until age 65.

Both options will receive interest at the rate of 10% per vear compounded annually
unl age 65.

Becky recognized that more money will be invested under Option A and chose this option.

Bonnie chose Option B to be different from Becky.

a) How many payments were made on Becky’s behalf? How much money was ivested
for her?

b) How many payments were made on Bonnie’s behalf? How much money was investad
for her?

¢) Atage 65, what was:

i) Becky’s investment worth? ii) Bonnie's investment worth?
N= N= N=
I%= I%= L=
Fv= V= V=
EMT= EMT= EMT=
Fv= V= FV=
BiY= BfY= B/Y=
ciy= cfy= /Y=
EMT: END EEGIN EMT: END BEGIN EMT: END EEGIN

d) What conclusion can yvou draw from this class example?

Complete Assignment QQuestions #8 - #12
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Assignment

Financial Mathematics Lesson #2: Investments Using Compound Interest

1. If the annual rate of interest is 9% per annum, state the interest rate per compounding period
and the total number of compounding periods in each case:

a) compounded semi-anmially for 4 years

¢) compounded monthly for 41/ years

2

b) compoundsd quarterly for 3 years

d) compounded annually for 6 vears

$4000 is invested for 4 years at an annual interest rate of 7. 2%

Complete the table to calculate the final value of the investment if interest is compounded for
the time periods given in the table.

Number of | Total Number | Interest Rafe
Compounding | Compounding af per Formtla
e riod Periods Per | Compounding | Compounding | 4 = Amtount
Year Feriods FPeriod
Annually

Sermi-Anmually

Cuarterly

Maonthly

3. Determine the final amount of 2ach investment, to the nearest cent, given the initial
investment, the anmial rate of interest, the compounding period, and the length of the
investment.

a)

Copyright @ by Absolute Value Publications.

An investment of
52 000 at 7% per

annum compounded
annually for 6 yesars.

=

B/Y=

c/y=

PMT: END BEGIN

Financial Mathematics Page 5

b}

An investment of

57 800 at 5.7% per
annum compounded
moenthly for

five yvears.
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516 Financial Mathematics Lesson #2: Investments Using Compound Interest

4. Given the following annual interest rates, compounding periods, and number of yvears for
the investment, how much money. to the nearest dollar, would vou need to invest today for

the investment to accumulate to at least 510 0007

a)

6.1% per annum,
compounded
quarterly, for three
VEars.

N=

Ia=

B=

EMT=

=

B/Y=

Cc/Y=

EMT: END BEGIN

b} 32% per annum,

compounded
semi-annually, for
four years.

PMT: END BEGIN

5. Determine the annual rate of interest, to the nearest tenth of a percent. given the initial
investment, the final amount. the cormpounding period, and the length of the investment.

a)

6. Determine the antm

An investment of

57 300 compounded
semi-annually for
five years to produce
a final amount

of $12 300.

investment, the interes

al

An investmnent of
$6 100 compound
quarterly for

Vears to produce
5993 imterest.

P\ 61001945

=T7095

H=
Ia=

B/Y=
C/Y=
PMT: END BEGIN

b} An investment of

52 800 compounded
monthly for three
vears to produce a
final amount

of 53 730.

M=
Ia=

rate of interest) to the nearest tenth of a percent. piven the initial

fo e

. the compounding period, and the length of the investnent.

b} An investment of

5180 00O
compounded
semi-annually for

FT

7. Deterrnine the length of the investiment, iven the initial investment, the final amount, the
annual interest rate, and the compounding period.

a)

Copyright @ by Absolute Value Publications.

An investent of

59 000 compounded

quarterly at 7% p.a.

to produce a final

amount of $12 300.

(Answer to the
REQrest quarter
of a year.)

N=
Is=
V=
PMT=
Y=
BiY=
C/Y=
PMT: END BEGIN

Financial Mathematics Page 6

b) An investment of

5530 compounded
daily at 7.3% per
Vear to produce

a final amount

of 5673, (Answer to
the nearest day.)

Is=
PV=

=
B/¥=
cly=
PMT: END BEGIN
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11.

12.
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Assunta invests $300 in a savings account at the beginning of each
month. If the account pays interest at 7.2% per vear cornpounded
monthly, what is the value of the investment at the end of five years?

Tony deposited $273 into his savings account at the beginning of each
month for a period of two years. If the account pays interest at 5 2%
per year compounded monthly, how much interest has he earned at the
end of two years?

On January 1, Nicole had 59 500 in an RRSP account. She decided
to male monthly pavments of $100 into that account starting on that
date. If the rate of interest 15 6 8% per annum compounded monthly,
determine

a) the value of the RRSPF after three years of pavments
b) the interest earned

Helen wants to invest some money so that her grandson Tim will have
at least 525, 000 for college education in eighteen years’ time. The
bank offers an annual rate of 3.75% compounded monthly.

How much, to the nearest dollar, should her inital investment be?

H=
L=
V=
FMT=
FV=
B/Y=
c/y=
: END BEGIN

: END' BEGIN

B/Y=
c/y=
PMT: END BEGIN

H=
Ik=
V=
FMT=
=
B/Y=
c/yY=
FMT: END BECIN

Gabriel invested 57 300 in a GIC for a three year term at 7.15% compounded semu-
annually. At the end of the term_ he transferred the money into a savings account paying
4 95% per annum compounded monthly. He also made monthly payments of $230 each
month into the savings account, starting on the day he opened it. What was the value of

his investiment five vears after the savings account was opened?

Financial Mathematics Page 7

N= H=
I%= I%=

FV= V=

FMT= PMT=

FV= Fv=

B/Y= B/Y=

c/i= c/¥=

FMT: END BEGIN FMT: END BEGIN
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518 Financial Mathematics Lesson #2: Investments Using Compound Interest

Answer Key
1. a) 43%, 8 b) 225%,12 ¢) 073%, 54 d) 9%, 6

2. Seethe table below.

Compounding | Numberof |Totol Namber | Inferest Rato Formula Amount
FPerind Compounding o per |
Feriods Per  |Compounding | Compounding
Fear Periods Period |
Armally 1 4 125 | A=40000072F | e s
.
Bemi-Anmually 2 H] 26% | A= H000(106) | 55308.00
|
[ A 16|
Crazreerly 4 16 15% | A =4000{ 1.018) l 5352128
|
. (43
Monthly 12 4 05% | 4 =4000(1.0061* | 5532044

3. a) S300146 b) 51036515

4. a) 38340 b} $8144
5. a) 105% b} 95% 6. ) 51% b) 63% 7. a) 45vexws b) 1024days
8. 52171895 9. 536967  10.a) 51564672 b) $2546.72 11.32903.00

12.328 903.69

Copyright @ by Absolute Value Publications. This book is NOT covered by the Cancopy agreement.

Financial Mathematics Page 8



