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Session Details

This session covers the following:

e Annuity Due

e Deferred annuity

e Perpetuity

e Application of ordinary annuity for Sinking Fund
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Annuity Due

Annuity due is an annuity whose payment is due immediately at the
beginning of each interval.

Each annuity payment will compound for one extra period. Thus, the
present and future values of an annuity-due will be calculated accordingly.

e Examples of annuity due are -
Deposits in savings,
o ¥
Rent or lease payments,
Insurance premiums.
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Future value of Annuity Due

FV, = R (Sy41—i -1)

e F'V,, =Future value of annuity at the end of each period

’3
e R= Regular payment at the end of each payment interval
e [ = interest rate per period

e n = number of period for which annuity will lasts

e 5,—i = tabulated value of future value of Interest rate factor annuity (FVIFA)

e Where,
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Present value of Annuity Due

PV, = R (a,_,—i +1)

e Where,

e PV,, =Present value of annuity at the end of each period
e R= Regular payment at the end of each payment interval
e | = interest rate per period -
e n = number of period for which annuity will lasts

e a,—l = tabulated value of present value of Interest rate factor annuity (PVIFA)

Asha Rani




DERIVATION OF FORMULAE FOR ANNUITY DUE

Future value

Present value
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- ILLUSTRATIVE PROBLEMS

Mr. X purchases a house for Rs.3,00,000. He agrees to pay for
the house in 5 equal installment in the beginning of each year.
If money is worth 5% effective, what should be the size of
each installment.

Mr. X wants Rs.5,00,000 at the end of 7 years. If the rate of
interest is 8%, what amount shall be deposited at the
beginning of each quarter to get this amount. s

Asha Rani




Solwhoa = (r the Cl2e Qf each n8toliment be
T
P.V-Q:Jf the howte (3 & 360690 Paammt U
mooe ok the - S
: _ n=5
u Y= QCCQJ%—_TIL +D =08
0000 = oy
3’01 0 4].05 t+!

= 0
B, 3,0,000 = &£ 4399520

3.514595050 +
so SRE & (nstollment -FHB/%S.M



SO]uh -
‘9“/ e T amount deposuad ot the
Qﬁ @j, each, quakln be ZR

FV. adiler F Yeqrs 'u Z5,,0000 -
> ﬂ Fry =28

LCRRRY RSB AEAR D i

HIIIINIELAS

FT = |
RLS,,—;‘ ) = O0F _.on
500000 = R LS ,) - :
£ = 500 00 |
3879123%) -

o, A4ne amount of Q“afw} depask i
£ 13230 23




- DEFERRED ANNUITY

A deferred annuity is that type of annuity where payments

are delayed until the expiration of certain time period. This
implies that the term of annuity will continue and become
operational after d years( where d demotes deferred period)

£
Usually the annuity has two stages, as depicted in this figure in ).
the next slide first is deferred period and the second is annuity ”
payment period.
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' DEFERRED ANNUITY:

Deferred annuity of n payments
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\ ] ¢
1 1st* payment starts on the (d+1)th period
NO payment for d periods
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o~ Future value of Deferred Annuity

The formula for the future value of a Deferred Annuity is same as the formula for E.V. of
ordinary annuity . As the situation is same because if the annuity start at 0 period or
after d period, we are anyways interested to find the future value of total n payment.

FV, = R (s,,—i)

eWhere, ?
*FV,, =Future value of deferred annuity =
*R= Regular payment at the end of each payment interval . ff

i = interest rate per period
en = number of period for which annuity will lasts
s, i = tabulated value of future value of Interest rate factor annuity (FVIFA)
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. Present value of Deferred Annuity

The formula for the Present value of Deferred Annuity is computed as a difference between
the present value computed for entire period (deferred period plus annuity payment
period) and present value computed for deferred period (where no payment is made) ?

PV, = R (ad+n_'i — ad—li)

e Where,

PV}, =Present value of deferred annuity

e R= Regular payment at the end of each payment interval
e [ = interest rate per period

e n = number of period for which annuity will lasts >
* a;,,—i = present value of a rupee 1 for d+n period (entire period)
e a;_; = present value of a rupee 1 for deferred period -
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ILLUSTRATIVE PROBLEM

A house is sold for Rs. 50,000 down and 10 semi-annual
payments of Rs. 5,000 each, the first due 3 year hence. Find
the cash price of the house if money is worth 20%
compounded semi annually.

Mr. X borrows from bank Rs. 12,00,000 at the rate of 9% p.a.
to be repaid in six equal instalments with interest the first

instalment falling due at the end of 4t year. Find the amount
of each instalment.
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- PERPETUAL ANNUITY

A perpetuity is an annuity for which the payments will continue forever.

In case of perpetuity, we cannot compute the amount because as time increases it goes
beyond all bounds.

e Present value of perpetuity can be computed in these two cases:

A) PV where payment is made at the end

o PV = X

T' g
A) PV where payment is made at the Beginning ?f-

-PV=R+§
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ILLUSTRATIVE PROBLEM

How much is needed to endure a monthly
pension of 60,000 at the beginning of
each month indefinitely, if the money is
worth 9% compounded monthly?
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| Sinking Fund

Sinking fund refers to a fund created to set aside a
fixed amount over time to accumulate a lumpsum
amount at the end of specific period of time .

Sinking fund is also referred to as a fund created by :
a company to accumulate money for replacement
of a large asset or any other major expenditure

\“‘L
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" SINKING FUND...

Suppose that the account has an annual interest rate of r compounded m
times per year, so that i = L is the interest rate per compounding period. If

you make a payment of Rs. R at the end of each period or may be at the
beginning , then the future value after years, or periods, will be

\AN+1_
«FV,=R[((1+)"-1)]/i OR FV,=RE2 "1 _4

l

If we are interested to find out regular payment then

e R=FV, * i/{(1+0)" 1} orR= FVy[—mrrr]
— 1
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i) ILLUSTRATIVE PROBLEM

Mr. A plans to send his son to U. K. for higher
education 10 year hence. He anticipates the cost
at that time will be Rs.10,00,000.How much
should he save at the beginning of each year to
accumulate this amount at the end of 10 years if
the rate of interest is 12% p.a. effective?
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Questions for Mathematics of Finance

Ques:1. A 1000 bond paying annual dividends at the 8.5% will be redeemed at par at
the end of 10 years. Find the purchase price of this bond if the investor wishes a yield
rate of 8%.

Ques:2. Mr. X wants % 5,00,000 at the end of 7 years. If the rate of interest is 8%, what
amount shall be deposited at the beginning of each quarter so as to get the above
amount?

Ques: 3. Mr. X purchased an asset for % 1,00,000 on installment basis. Each installment
IS to repaid at the beginning of each quarter. Find the size of each installment if the
money is to be repaid in 3 years and the rate of interest is 6% compounded quarterly.

Ques: 4. X buys a piece of land for which he agrees to make 10 annual payments of
%20, 000 each, the first being made at the end of 3 years. Find the equivalent cash price
of this property if the money is worth 5% effective.

Ques: 5. A house sells for 2 50,000 down and 10 semiannual payments of X 5000 each,
the first due 3 years hence. Find the cash price of the house if the money is worth 6%
compounded semiannually.

Ques: 6. How much is needed to endure a series of lectures costing 32500 at the
beginning of each quarter of each year indefinitely, if the money is worth 3%
compounded annually?

Ques: 7. Suppose a machine costing 270, 000 is to be replaced at the end of 5 years, at
what time it will have a salvage value of 10,000. In order to provide money at that time
for a new machine costing the same amount, sinking fund is set up. The amount in the
fund at that time is to be the difference between the replacement costs and salvage value.
If equal payments are placed in the fund at the end of each quarter and the fund earns
8% compounded quarterly, what each payment be?

Ques: 8. A machine costing 352, 000 and its effective life is estimated to be 12 years.
A sinking fund is created for replacing the machine by a new model at the end of its life
time, when its scrap value is realized a sum of *5000 only. The price of a new model is
estimated to be 25% higher than the price of a present one. Find what amount should be
set aside at the end of each year, out of profits, for the sinking fund, if it accumulates at
10% effective.

Ques: 9. An income stream decreases continuously over time for x years, the income
rate at t years from now being Zae™ per year. What is its present value if interest be
reckoned at 100r% compounded continuously? Show that this equals the capital value
of a uniform income stream of X a per year for x years if the rate of interest is raised to
100(r + b)% per year.
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