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Simple and Compound Interest

What we will learn in this topic........

» Calculate simple and compound interest earned over multiple periods
—

» Calculate the annual compound rate given the simple rate and the frequency of compounding

——

> Calculate simple rate of interest given the annual compound rate and the frequency of

compounding

> Calculate the effective annual rate given a nominal annual rate with continuous compounding

——
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> If we postpone consumption i.e. we save, we earn a rate of return on savings.

Ce——

> If we borrow i.e. take on debt, we need to pay rate of interest on borrowings.
o e Int only 2 \ % asl

> Let us understand concepts of simple interest and/compound interest.
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> Let us assuﬂwe rate of interest of é/o and amount iﬁe\/es'tgé— or borxow\ead is $1000.
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1 1000 * 8% * 1 =(80 1000 * 8% = 80 (w Lo
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2 1000 * 8% * 2 = 160 —3 S » 80~+ 1080 * 8% = 80 + 86.4 = 166.4
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3 1000 * 8% * 3 = 240 gp4cotge | 1664 + 11664 * 8% = 166.4 + 93.312 = 259.71
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4 1000 * 8% * 4 =(320) Qb teatqs | 259.71 + 1259.71 * 8% = 259.71 + 100.78 = 360.49
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» General formula to calculate value of deposit after ‘T' years, that earns a particular rate of

interest as per Simple and Compound interest are:

—

AN

o Cuple Future VValue
> Slmplelnterest Do (1+ r*T): - Fv 4t P V\R‘Y(/)f | of

> Hence value of deposit of 1000, at 8% after 4 years is 1000 * (1+ 8% * 4) = 1320 ruehed
Tt Amt: F-V — Oneynal lalue

» Compound Interest : D, (1+ 1) m t 1320 — |ooo
> Hence value of dep05|t of 1000, at 8% after 4 years is 1000 * (1+ 8%)* = 1360 49 __5Fvy
[uoDLl-\'?/) TAt pmt: 136049 — (006 — ?eow?

> In the above example, we have assumed that interest is paid once a year i.e. annually.

> What if the interest is paid semi-annually (every six months)? gigflé CDL’E T
> Then two adjustments are needed,, , ul, |+ X’—\ R )
Cut| &V 5 ) 1 should be divided by 2— UAV‘.A‘Z‘_“"ﬂ_ Do Dy (1-

€15 i) T should be multiplied by 2
e ¥ Y,
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Simple and Compound Interest

» General formula to calculate value of deposit after 'T' years, and interest is paid at greater
frequency than annual is (assuming compound interest):

» Future Value of deposit: D, (1+ r/mhere m is frequency of compounding

» m = 2, 4, 12, 365 in case of semi-annual, quarterly, monthly and daily compounding

respectively. - = 2, G mm—n!,\l\/

Question: m = L( 9}/‘444"”[] m __-_-.3(,(' Ja{)

/
What is the value of $100 deposit after 3 er 3 years if interest rate of 10% is (compounded quarterlyl)
> FV of deposit = 100 (1 + 10%/4)’\(3*4) = 134.49. = -

'DOCH AN L""') T
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> Effective annual interest rate: ~l = |[03%/.
» When interest rate is annually compounded, rate stated for the deposit and effective rate is
the same. 10% annual compounding means return is 10% per year.

» What if the interest is compounded semi-annually ?
» Then stated rate of 10% and effective rate of interest (that investor receives) is different.
» The formula for effective rate of interest is: i = (1 + r/m)™ — 1, where i is effective rate of
interest, r is the stated annual rate also called annual percentage rate and m is frequency

of compounding.

> Given effective rate, we can work out, annual percentage rate in reverse way by using
following formula:

2 :
> r=m*((1+i)/m-1). N\O'\J“"\‘]: — I —(o-4%~
)0‘\] E (i\o'//gaj-“ffk - (oSl~ 9
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Simple and Compound Interest

» Continuous compounding
» We can keep reducing interval of compounding from annual to semi —annual to quarterly to
daily and then to continuous compounding.

» What is the FV of deposit if interest is continuously compounded?
» FV of Deposit: D; = Dye', e is exponential constant, approx. = 2.718.

e —

— ——

» What is the FV of deposit of $1000 after 25 years assuming interest is compounded
continuously at 8%7?
» FV = 1000 * 00825 = $7389.06.
/—

Y. T (= rale o) wmb Conh Comp
D =D, ex T= No-ob yrs
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Question:

> A credit card company charge 2% mterest month on outstanding credit card balances. How
much is annual percentage rate?_

O -b60 e 2
PepTex. 2% 7L = ?,H/ ©)e eV
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Time value of money

Learning Outcomes........

> Calculate and Interpret future values for single sums and annuities
—

» Calculate and Interpret present values for single sums, annuities and perpetuities

» Calculate equal instalments on a repayment mortgage given the present value of the

borrowings, the fixed mortgage rate and the term of the borrowing

15



Time value of money

Future Value and Present Value : Single Sum

> Future value of single sum: FV = PV * (1 + 1)

SR

— A\ —) lime ll‘hé

Example m& t\J M

> What is the future value of QAR 75000 invested for 12 years at the rate of 7%
compounded annually? PV Y — -

A 12
F5v00 ><<\-\-7/.)\ — |63 Aly. 33

Diagram:

—

» What is the future value in above case if interest is compounded semi-annually?

. . LX) - ;
- boox([—\-i_) — (AL 2US.6Y 16




Time value of money

]:V:'_ FV*([’\'Y)'

vV -
Future Value and Present Value : Single Sum é\_ﬁr - \
> Present Value of single sumiPV =FV/(1+nT T PV= Q+1)1-
T=0 A
Diagram: /\r( — l
N T “Dis counting (: V (G“ V&A\
» PV Factor or Discount Factor= 1/(1 + )T

L— ~N — .. . . . .
> The conc%gc\lof \?i’g'very critical in financial markets, since value of any asset such as
stock or bond today is its PV. o —ev\ Ly o
» PV is calculated by discounting future cashflows. Calenlale PV £ Jiven
PV L r: l ‘Wt vate Y 57. k yrs o B

Example: (+s.

» What is the PV of following investments? Assume appropriate interest rate is 10% for both
the investments? Fv Y4 600 T _

{ > Investment A: Pays $4000 after 4 years —> ((—\'\0/) = 21324

. 2 _
> Investment B: Pays $5200 after 6 years 5200 ¥ ¢ _ 39326

17



Time value of money
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Future Value and Present Value : Annuity and Mortgages

\’
» In financial world, there are many investments that involve regular contrlbutlons or
withdrawals till maturity. o = \f=3 .

- one g D

> How does the mat er\rTa'tT wo"& for his(?)DL | go ’ |0 0o @ — {\;lww
®) \

Example: Fv
> Suppose an investment plan involves contributions of D, d; and d, now, at the end of first

year and at the end of second year, respectively. If rate of interest is 'r’, what will be the
value of this investment at the end of two years?

-~

» Value of investment at the end of 1t year assuming contribution at the end of 15t year is
made: D, = D,*(1 + ! + d, "l nd

2
> Value of investment at the end of #* year assuming contribution at the end of #* year is
made: D, = Dy*(1 + r)? + d*(1 +n' +d, 18
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Time value of money

Future Value and Present Value : Annuity and Mortgages

» What is all contributions or withdrawals (d,, d,, d;) are of same amount? How will the
formula change?

> Assuming the withdrawals / contributions are same the formula is -
A _Q) C.?Vlhﬂb AN 0N
t;l — W 1“/\0"(4“1"1

We can then show that the val@)f the investment after T years is:

—) ”(e‘awln \p}\’t\l{ﬁ“"’d(
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Time value of money

Future Value and Present Value : Annuity and Mortgages

» Example: What is the future value of investment of $1000 made today at the rate of 10%
after two years. Assume that additional contributions of $250 are made at the end of each
year for two years?

\oo O 2 5> 250 _
> Diagram: | b d =ds =
8 \ 2
Do S\ d2

> Detailed working: FV = 1000 * (1+10%)"2 + 250 * (1+10%)*1 + 250 = 1735

Ve Formula: 1000* (1+10%)’\2 + (250 *(1+10%)’\2 250)/0.1 = 1735

Do x (WY 4 (gx(m) Y, =

~ T~ —— 21



Time value of money

We can then show that the value of the investment after T years is:

DT = D(‘) (1 * i")T + d“‘ * r)._i ~d
, r
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Time value of money

Future Value and Present Value : Annuity and Mortgages

» Annuity: In case of annuity (which is usually a sum paid to an insurance company), fixed
number of withdrawalsTake place for a number of years at the end of which the value of
investment becomes zero. We can adjust the formula used earlier as follows:

————

e = el [ il
e\ & -) ?’S/\f’\/) / /

” R\e;y%%") J “ ~ Y
Example: =

> A retired person/wants to uity that pays him $2000 at the end-of each
year for next 5 rs. If the rate of interest is 10%, how much he should pay for this
annuity now?

» D, = (-2000*(1 +0.1)> + 2000)/0.1 * 1/(1+0.1)> = 7,582.

23
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Future Value and Present Value : Annuity and Mortgages O

» Mortgage: In case of mortgage, the borrower pays instalments regularly in such as way
that at the end of mortgage life, the entire loan is repaid, and it becomes zero.
» We can use the following formula to calculate the instalment amount:
» d=Dy*(1+0)/[((1T+nNT=1)/1]

» Suppose a loan of 50,000 is to be paid over 25 years in equal instalments and the rate
of interest is 8%, how much will be the loan instalment?

> Instalment = 50,000 * (1+ 0.08)2> / [((1+ 0.08)2> -1) / 0.08] = 4,683.94
|> FV o4 w ul v\'{{’\& pa7m£'--/7

3 Mo’/\ljﬁaﬁ Pemeat
'L) ()(VsV\uA\") \Volw ) j
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Future Value and Present Value : Annuity and Mortgages N b Mﬂ(_wy,\b

—

> Perpetuity: This represents a constant flow of income indefinitely or perpetually,

» The PV of Perpetuity can be expressed as = C/r, where C is the constant sum and r is the
discount rate. —

S'ﬂoyoge a Fe,« Peh}..l—] PQ?S 5— }o 00 r;w 7‘Y S% Y -2 1%
Vﬁbyu;h% yate o} velum ol 5 },) what (s PV <4
PPt § Pv = Hooeo

" p-0S
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