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Section 2.1: Annuity

B Annuity. An annuity is a sequence of cash flows (paid/received) made at equal intervals of time. For example, house rents,
mortgage payments and interest payments on money invested.

B Notes:
@ The interval between annuity payments is called payments period.
@ An annuity is said to have level payments if all payments CJ are equal.
@ An annuity has nonlevel payments if some payments C; are different from other ones.
o

The payments can be made either at the beginning or at the end of intervals of time:

B Annuity-immediate. For an annuity-immediate, payments are made at the end of the intervals of time.

M Example: Consider the intervals: [0, 1], [1, 2], [2, 3], ...[n — 1, n], the annuity—immediate payments are made at the end of
the periods: [0, 1], [1, 2], [2, 3], ...[n — 1, n].

B The cashflow under the annuity-immediate is of the type:

Time 0 1 2 A n
Contributions 0 G G . Cp

B Annuity-due. For an annuity—due, payments are made at the beginning of the intervals of time.

B Example: Consider the intervals: [0, 1], [1, 2], [2, 3], ...[n — 1, n], the annuity—due payments are made at the end of the
periods: [0, 1], [1,2],[2,3],...[n — 1, n].

B The cashflow under the annuity—due is of the type:

Time 0 1 . n—1 n
Contributions G G . Cho1 0
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Section 2.2: Annuity-immediate calculation

W Recall.
Present value of a cashflow: If deposits/withdrawals are made according with the table

Time (in periods) t1 ty . tp

Investments G G . Cn

B Remember. Under the accumulation function a(t),

M The present value of the considered cashflow at time zero is PV(t) = j,:,il CJ 3(1[_)
J

M The present value at time t of the cashflow (the future value or the equation of value) is FV/(t) = ;’:1 j%

J
M Now, consider an annuity-immediate with level payments of 1 (A unit annuity is one for which each regular payment is 1).
The cashflow of the annuity is

Time 0 1 2 A n
Contributions 0 1 1 . 1

M The present value of annuity—immediate:

1 1 1 L
M e T H 0
B The future value of an annuity—-immediate:
o _alm aln) o aln) s aln)
T e T s T a0
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Section 2.2: Annuity-immediate calculation

Example: You are given that §; = ﬁ, t > 0. Find aﬂ and sﬂ.
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Section 2.2: Annuity-immediate calculation

t > 0. Find a— and s

Example: You are given that §; = ﬁ, al T

t
Solution: Remember. a(t) = efo s ds.

/6sd57/ —ds—|n8+s)’ 8+t)7|n():|n(%):> a(t) = e '“(%):%

ﬁ—Z —Zf

715(1) =R

a(n) n  8+n n g4n
SEPIETEDIE IS
1 8

Jj=1 18+j
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Section 2.2: Annuity-immediate calculation

Example: You are given that §; = ﬁ, t > 0. Find a— and s

n| |’
t
Solution: Remember. a(t) = efo s ds.

¢ 1 84t m(8£) 8+t
/Oésds:/o de—ln8+s)’ In(8 + ) — In(8) = In (—=) = a(t) = e (%) = -

ﬁ—Z —Zf

715(1) 118+J

a(n) n  8+n " 84n
ZT_ZM*Z :
1 8

=1 18-%—/

B Remember in Chapter 1. Under compound interest a(t) = (1 + )%

B The present value of the considered cashflow at time zero is

n
C 1+ civl Remember in Chapter 1. v =
- Saes-$e

PV(t) = Z c
B The present value at time t of the cashflow ( the future value or the equation of value) is

=26 = G
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Section 2.2: Annuity-immediate calculation

W Consider unit annuity under which payments of 1 are made at the end of each period for n periods:

Time 0 1 2 n

Contributions 0 1 1 . 1

M The present value of annuity—immediate is the sum of the individual present values of the payments of 1:

ar=

j=1

:V+V2+V3+.“+anl+un

1—" . . 5 N 1 il
=v geometric series:l +r+r" 4+ .- 41 = — r #1
1-v 1—r
1—" . )
=v - Remember: 1 —v =dandd =iv = 1—v =iv
iv
1—"

i

B The future value of annuity—immediate is the sum of the individual future values of the payments of 1:

=
j=1
=@+ @+ @)+
A+0"—1_ (1+9)"—1

1+i)—-1 i
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Section 2.2: Annuity-immediate calculation

Theorem. If i # 0, then for an annuity-immediate with level payments of one, we have

_ _ 1= 14"
Moy =a—-= =1

nli n|
an_
Bs—. =5 = +)T-1
nli n| i
W Notes.

B Annuities with level payments other than 1. If an immediate annuity has payment P, then

M The present value: PV = P aﬁ

M The future value: FV = P ST

M Relationships between present and future values.

. 1+i)"—1

ISH: (1+I)"aﬁ: @)"—1 JH)I,
n AN _ anon an_

Proof. (1 + i)" 7= (L+ )" 1—iu _ (+) $1+:) v _ (1+:)i 1_ -

Mo =v"s—
n| n|
1+)"=1 _ " a4 =" 1—v"

Proof. v"s—=1uv" -
n| i i i

Example: Calculate the present and future values of $5000 paid at the end of each year for 15 years using an annual effective
interest rate of 7.5%.
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Section 2.2: Annuity-immediate calculation

Theorem. If i # 0, then for an annuity-immediate with level payments of one, we have

_ _ 1= 14"
Moy =a—-= =1

nli n|
an_
Bs—. =5 = +)T-1
nli n| i
W Notes.

B Annuities with level payments other than 1. If an immediate annuity has payment P, then

M The present value: PV = P aﬁ

M The future value: FV = P ST

M Relationships between present and future values.

. 1+i)"—1

ISH: (1+I)"aﬁ: @)"—1 JH)I,
n AN _ anon an_

Proof. (1 + i)" 7= (L+ )" 1—iu _ (+) $1+:) v _ (1+:)i 1_ -

Mo =v"s—
n| n|
1+)"=1 _ " a4 =" 1—v"

Proof. v"s—=1uv" -
n| i i i

Example: Calculate the present and future values of $5000 paid at the end of each year for 15 years using an annual effective
interest rate of 7.5%.

. _ _ 1—(140.075)" 15
Solution: PV = SOOOaﬁo_075 = (5000) — 5575 —— = 44135.59873
-~ - (140.075)15 1
FV = 50005@0.075 = (5000)W = 130591.824
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Section 2.2: Annuity-immediate calculation

Example: If i = 5% and n = 10, find s—

n|’
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Section 2.2: Annuity-immediate calculation

Example: If i = 5% and n = 10, find s—

n|"
Solution:
(1+i)"—1
i

i

(140.05)10 —1
= S0 = gos 125779
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Section 2.2: Annuity-immediate calculation

Example: If i = 5% and n = 10, find Sﬁ'

Solution:
li

= S10]0.05 —

Example: If n = 15 and i = 6%, find
1) ayr
n|

(2) s

Prof. Mohamad Alghamdi
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(140.05)10 —1

0.05
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Section 2.2: Annuity-immediate calculation

Example: If i = 5% and n = 10, find s—

n|’

Solution:
(1+i)"—1
i i

(140.05)10 —1

= slTlﬂ.O5 = 0.05 = 12.5779
Example: If n = 15 and i = 6%, find
1) ayr
n|
(2) s
Solution:
1) 15
1—(140.06)"
a— = 1-(1+0.0677 —9.712
15] 0.06
(2 .
1+ 0.06 -1
s— = (1+0.06)° —1 — 23.276

15] 0.06
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Section 2.3: Annuity-due calculation

W Consider unit annuity under which payments of 1 are made at the beginning of each period for n periods:

Time 0 1 n—1
Contributions 1 1 1 0
M The present value of annuity—due:
B 1 1 =l
aW =1 + 4. _ = —
a1) a2 (n—1) 55 40)
M The future value of an annuity—due:
a(n a(n a(n =1 an
e 2 A e e
! a(1)  a(2) aln—1) = a())

M Now, we want to drive an expression for aﬂ and & under compound interest a(t) = (1 + it
M The present value

n—1
5WZZlf}:1+u+uz+u3+»--+u"71

=0

geometric series:1 + r + r2 + ot =

Prof. Mohamad Alghamdi ACTU 371

of annuity—due is the sum of the individual present values of the payments of 1:

February 8, 2025




Section 2.3: Annuity-due calculation

M The future value of annuity—due is the sum of the individual future values of the payments of 1:

n—1

=2+

=0

S R C ) G ¢ R ) A AR ¢ o) Lol ¢ e

A+ -1
— ()
1+i)—1
14" -1 i
= # Remember: d = ——
d 1+
Theorem. If i # 0, then for an annuity-due with level payments of one, we have
o 1uf o _ ()" —1
War="3 B ="y
W Notes.

B Annuities with level payments other than 1. If due annuity has payment P, then

WPV =Pis- BFV =P5-
n n|

M Relationships between annuity-immediate and annuity-due
P - X
| Sr=aa= (1+1)

Proof.

a—
n|
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Section 2.3: Annuity-due calculation

R 1+)"—1
0= —
n| d
A+ -1
=1
id
P G ) LA
T d i =g
i i 1+0)"—1
= (1+1i)s— Remember:d = =14i=— andsf:¥
1+ d nl d
W= (1+ iy lar
Proof.
1—uv"
@+ )™ e =@+ )™ ——
1
14+ )1 — (140"
:(1+i)—( ) .( ) A+ )" =@+
1
Q+n"—-1
S Sl A I
d l
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Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find Em

Prof. Mohamad Alghamdi ACTU 371 February 8, 2025 12 /71



Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find Em

. . 1—u" _ 1 — i
Solution: We know that =4 where v = 7 and d = et
So,
1 — (1075)
N 170.05
by = o 8.1078
1+0.05
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Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find aﬂ

jon: 5 = 1=v" -1 .
Solution: We know that =4 where v = S and d = o
So,
1
. 1= (im08)
o7 = 0.05
1+0.05

Example: If i = 6%, find am and sm
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Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find Em

n .
Solution: We know that aﬂ = l_d" where v = 1}r’. and d = ﬁ
So,
1= (58)
= _ 1+0.05
iy = 142 8.1078
1+0.05
Example: If i = 6%, find am and sm
Solution: . s
1— (130706)
L 5006/
S = —pog —— = 10.205
1+0.06
(1+0.06)'5 — 1
S5y = g5 = 24673
1+0.06
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Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find Em

n .
Solution: We know that aﬂ = l_d" where v = %JH and d = 15
So,
1= (58)
_ 170.05
o7 = 0.05 8.1078
1+0.05
Example: If i = 6%, find am and sm
Solution: . s
1— (130706)
L 5006/
ST = — g op o — = 1029
1+0.06
(1+0.06)'5 — 1
Sr [= o -~ 24.673
1+0.06

Example: You want to accumulate $12,000 in a 5% account by making a level deposit at the beginning of each of the next 9
years. Find the required level payment.
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Section 2.3: Annuity-due calculation

Example: If i = 5% and n = 10, find aﬂ

n .
Solution: We know that aﬂ = l_d" where v = %JH and d = 15
So,
1 ( )10
L 170.05
o7 = 0.05 8.1078
1+0.05
Example: If i = 6%, find am and sm
Solution: . s
1— (130706)
L 5006/
am = —G0e = 10.295
1+0.06
(1+0.06)'5 — 1
SeT= o0 = 24.673
1+0.06

Example: You want to accumulate $12,000 in a 5% account by making a level deposit at the beginning of each of the next 9
years. Find the required level payment.

Solution: FV = P sﬁ =P % where
i 0.05
d= =
1+ 1+ 0.05
This implies
(1.05)° — 1 12000
12000 = P = = 1036.46
0.05 (1.05)9 —
1+0.05 505
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Section 2.3: Annuity-due calculation

Example: A loan for 8,000 must be repaid with 6 year end payments at an annual rate of 11%. What is the annual payment?
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Section 2.3: Annuity-due calculation

Example: A loan for 8,000 must be repaid with 6 year end payments at an annual rate of 11%. What is the annual payment?

Solution:

PV
PV=Par=P=—
—
]

1—o" 1—()° 8000

where a— = = ar=—— 1 — 42305 P= =1,891.01
n| i nl 0.11 4.2305
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Section 2.3: Annuity-due calculation

Example: A loan for 8,000 must be repaid with 6 year end payments at an annual rate of 11%. What is the annual payment?
Solution:
PV
PV =P ar = P=—
a—
n|
1—o" 1—()° 8000
where a— = = ar=——""—"—=42305=P= =1,891.01
| i ol 0.11 4.2305
Example:

You wish to make a deposit of now in an account earning 6% annually so that you can get a payment of 250 at the
end of each of the next 8 years. How much should you deposit today?
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Section 2.3: Annuity-due calculation

Example: A loan for 8,000 must be repaid with 6 year end payments at an annual rate of 11%. What is the annual payment?

Solution:

PV
PV=Par=P=—
—
]

1—o" 1—()° 8000

where a— = = ar=—— 1 — 42305 P= =1,891.01
n| i nl 0.11 4.2305

Example: You wish to make a deposit of now in an account earning 6% annually so that you can get a payment of 250 at the
end of each of the next 8 years. How much should you deposit today?

Solution:
(1+0.06)% —1
FV = P s— =250 —————— = 2474.367
n 0.06
*nl 2474.367
_ nn _ _ . —
Now, sn‘ =(1+1) aﬂ = aﬂ = ) = (110.068 1552.45
OR

PV = Pam = PV = 2503@ = (250)(6.20979) = 1552.45
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Section 2.4: Perpetuity

W Perpetuity. A perpetuity is an annuity whose payments continue forever.
M An example of a perpetuity is when someone purchases a property and then rents it out. The owner is entitled to an infinite
stream of cash flow from the renter as long as the property continues to exist (assuming the renter continues to rent).

B Perpetuity-immediate
The present value of a perpetuity—immediate that pays 1 per period is denoted by a;l

ar=v+l bt

v u 1—"

= Remember: Z Vi =v———  Rememberd=ivandd=1—v
1—v 1—v
v

v
1
i

OR
. . 1 - Un 1 N n . 1
a—r= lim a-= lim = — where lim v" = |lm ——— =
oo T n—oo “nl T n—oo i i n— oo n=00 (1 + )"

B Perpetuity-due
The present value of a perpetuity—due that pays 1 per period is denoted by a;

N . . i 1—" 1 1+ . n
i— = lim d—= lim = = where |lim v" =0
oo n—oo n n—oco d d i n—oo

Prof. Mohamad Alghamdi ACTU 371




Section 2.4: Perpetuity

Theorem. Let i # 0.

B For an perpetuity-immediate,
M With level payments of one: a;‘ = % M With level payments of P: PV = P a;l =£
M For an perpetuity-due,

B With level payments of one: &+ =

Q=
|

B With level payments of P: PV = P a;l =

alv
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Section 2.4: Perpetuity

Theorem. Let i # 0.
B For an perpetuity-immediate,
B With level payments of P: PV = P a1 = £

M With level payments of one: a;‘ = %

M For an perpetuity-due,

M With level payments of one: &— = 1 i B With level payments of P: PV = P 4— = B
]~ d i o T d

Example: If i = 5%, find (1) a7 (2) a;l

ACTU 371
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Section 2.4: Perpetuity

Theorem. Let i # 0.

B For an perpetuity-immediate,
M With level payments of one: a;‘ = % M With level payments of P: PV = P a;l =£
M For an perpetuity-due,

B With level payments of one: &+ =

I
Example: If i = 5%, find (1) a7 (2) d—

ocol”

Q=
|
alv

B With level payments of P: PV = P a;l =

Solution:

1 _ 1 _ = 1 _ 14i _ 1.05 _
Magr=7=gm=2 @Qégr=g="=cu=2
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Section 2.4: Perpetuity

Theorem. Let i # 0.

B For an perpetuity-immediate,
M With level payments of one: a;‘ = % M With level payments of P: PV = P a;l =£
M For an perpetuity-due,

B With level payments of one: &+ =

I
Example: If i = 5%, find (1) a7 (2) d—

Q=
|
alv

B With level payments of P: PV = P a;l =

o]

Solution:

(1)@:%:ﬁzzo (2)507‘:5:1?’:%:21
Example: Find the present value of a perpetuity immediate with i = 8%.
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Section 2.4: Perpetuity

Theorem. Let i # 0.

B For an perpetuity-immediate,
M With level payments of one: a;‘ = % M With level payments of P: PV = P a;l =£
M For an perpetuity-due,

B With level payments of one: &+ =

I
Example: If i = 5%, find (1) a7 (2) d—

Q=
|

B With level payments of P: PV = P a;l =

alv

YN

Solution:

(1) o= 3 = ohg =20 @iz == - 4 -2
Example: Find the present value of a perpetuity immediate with i = 8%.

Solution: a7 = % = 07108 =125
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Section 2.4: Perpetuity

Theorem. Let i # 0.
B For an perpetuity-immediate,

B With level payments of one: aT= % B With level payments of P: PV = P agr= TI‘)
M For an perpetuity-due,
M With level payments of one: a;‘ = % = ¥ B With level payments of P: PV = P a;l = g

Example: If i = 5%, find (1) a7 (2) d—

o]

Solution:

() agr=1 =55 =20 @igr=g=4 -fR-2
Example: Find the present value of a perpetuity immediate with i = 8%.

fon- 1 _ 1 _
Solution: S e 12.5

Example: John uses his retirement fund to buy a perpetuity-due of 20,000 per year based on an annual nominal interest 8%
compounded monthly. Find Johns retirement fund.
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Section 2.4: Perpetuity

Theorem. Let i # 0.
B For an perpetuity-immediate,

B With level payments of one: aT= % B With level payments of P: PV = P agr= TI‘)
M For an perpetuity-due,
M With level payments of one: a;‘ = % = ¥ B With level payments of P: PV = P a;l = g

Example: If i = 5%, find (1) a7 (2) d—

o]

Solution:

(1)@:%:ﬁzzo (2)%:5:#:%:21
Example: Find the present value of a perpetuity immediate with i = 8%.

1

Solution: a— = =125
o

1 _1
[~ 7 T 0.08

Example: John uses his retirement fund to buy a perpetuity-due of 20,000 per year based on an annual nominal interest 8%
compounded monthly. Find Johns retirement fund.

Solution: We use

P
PV = — where d =
d

1+
First, we have to find /.
Remember.
. itm ) 0.08 1, . 0.08 ;5
Lti=(1+—)" = 14i=(1+—2)" =i=(+—_>)" —1=008299950681 = 8.209950681%
m

d = 0-0823995081 — (.076638545, then PV =

1.08299950681 = 260963.2872

20000
0.076638545
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Section 2.5: Continuous Annuities

W Continuous annuity. Continuous annuity is a special case of annuities payable more frequently than convertible interest and it
is a state in which the frequency of payment becomes infinite, i.e. payments are made continuously.

The present value of an annuity payable continuously for n interest conversion periods, such that the total amount paid during
each interest conversion period is 1, by the symbol 5W and is defined as follows:

n

n n t
i = / vtdt = / eV gt Remember: vt = &MY = et"¥
0 0

e LI DT = In(1+)

n .
= / et M) gt Remember: v = -
J0 14

_ [ st e .
= e dt  Remember: § = In(1 + i)
0

—1 - 1 1
= —e76t|n Remember: / e dt = - /a etdt= e+ ¢
8 0 a a
-1 _5 -1 _5 =1 naen—t
:?[e ”—1}:7[(6 )"—1]27[(9"(“) )" —1]
=1 nuyn -1, 1 n
= —1] = — —1)==(@1-
() -1 = ST -y = s a0

L 1 L
OR 35—+ / v odt = — v Invdt
! 0 Inv Jo

1
= — [ut]g Remember: /au(r) u'(t) Inadt= a0 4 ¢
Inv
1 n 1—" .
=—(@"-1) = Remember: § = In(1 + i)
—In(1+1) 8
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Section 2.5: Continuous Annuities

Similarly, the future value is

n t
F:/ A+ 0 de
n| 0

- it i
7|n(1+i)/0(1+) In(1+ i) dt

[a+ i)t}g Remember: 6 = In(1 + i)

Theorem.
M The present value of a continuous annuity with rate C(t) = 1,0 < t < n, is

1—"
=
n s

B The future value at time n of a continuous annuity with rate of one is

(1+i)"—1
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Section 2.5: Continuous Annuities

Theorem.
i
Bi=—-a—+
ol = 5 ol
Proof.
_ 1—"
n| 5
1"
=i
ié
i 1—u" i
= — = — a—
5 sl
i
W5-=— s
ol = 5 Cal
Proof.
_ 1+i)" -1
= =
n| 5
e+ -1
=i
ié
P @+) -1 i
= — = — s—
s i s "l
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Section 2.5: Continuous Annuities

Example: If i = 5% and n = 10, find 5? and EW.
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Section 2.5: Continuous Annuities

Example: If i = 5% and n = 10, find 5? and EW.

Solution: First, find § = In(1 + i), then

1— ()0
5= 10057 5913
10] In(1 + 0.05)
(1+0.05)10 —1
s =~ 128898
10| In(1 + 0.05)

Prof. Mohamad Alghamdi ACTU 371



Section 2.5: Continuous Annuities

Example: If i = 5% and n = 10, find 5? and EW.

Solution: First, find § = In(1 + i), then

1— ()0
5= 10057 5913
10] In(1 + 0.05)
(1+0.05)10 —1
s =~ 128898
10| In(1 + 0.05)

Example: If i = 6% and n = 15, find §H and EW.
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Section 2.5: Continuous Annuities

Example: If i = 5% and n = 10, find 5n— and EW.

Solution: First, find § = In(1 + i), then
1— (=10
In(1 + 0.05)

__@+009)0—1
5= = 12.8898
10| In(1 + 0.05)

Example: If i = 6% and n = 15, find §H and En‘.

Solution: First, find § = In(1 + i), then
1— ( 1 )15
G = 14006~ _ 10,0008
I In(1 + 0.06)

140.06)1 — 1
o= AH0-007 =1 s o675
5 In(1 + 0.06)

ACTU 371
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Section 2.6: Basic Annuity Problems

Example: A loan for 20,000 must be repaid by 5 year-end payments with interest at an annual effective rate of 12%. What is
the annual payment?
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Section 2.6: Basic Annuity Problems

Example:
the annual payment?

n

Solution: Apply the formula: PV = P aﬁ where aﬁ = 17’."
1—(

1 5
For n=5and i = 12%, we have a-- %12) = 3.60478

5|~
The annual payment:
20000

20000=Par=>P="—" ="~
5 a 3.60478

5]

Prof. Mohamad Alghamdi
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A loan for 20,000 must be repaid by 5 year-end payments with interest at an annual effective rate of 12%. What is

20000
= 5548.1946




Section 2.6: Basic Annuity Problems

Example: A loan for 20,000 must be repaid by 5 year-end payments with interest at an annual effective rate of 12%. What is
the annual payment?

Solution: Apply the formula: PV = P aﬁ where aﬁ = 17’."" .
; (i)
For n=5and i = 12%, we have azr = — 51— =3.60478

The annual payment:

20000 20000
20000 = P a5t = P = =

[ a7 3.60478

= 5548.1946

Example: You have a 5,000 balance in an account earning a 4.5% annual effective rate. You want to increase your balance to
20,000 at the end of 12 years by making a level deposit at the beginning of each of the next 12 years. Find the required level
payment.
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Section 2.6: Basic Annuity Problems

Example: A loan for 20,000 must be repaid by 5 year-end payments with interest at an annual effective rate of 12%. What is
the annual payment?

n

Solution: Apply the formula: PV = P aﬁ where aﬁ = 17’."
: (i)
For n =5 and i = 12%, we have a5y = — 7315 — = 3.60478
The annual payment:
20000 20000

20000 = P agr = P = = 5548.1946

[ a7 3.60478

Example: You have a 5,000 balance in an account earning a 4.5% annual effective rate. You want to increase your balance to
20,000 at the end of 12 years by making a level deposit at the beginning of each of the next 12 years. Find the required level
payment.

Solution: We have that
FV = ka(t) + Pér

o .
where ka(t) = k(1 + )" and §, = AT and d = i
This implies

(14 0.045)12 — 1

0.045
1+0.045

20000 = 5000(1 + 0.045)'? + 16.1509 P

20000 = 5000(1 + 0.045)'% + P

b 20000 — 5000(1 + 0.045)*?
B 16.1599
= P =712.912
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Section 2.6: Basic Annuity Problems

Example: An account earning a 5% annual effective rate has a current balance of 6,000. If a deposit of 1,500 is made at the
end of each year for 20 years, what will be the balance in the account at the end of 20 years?
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Section 2.6: Basic Annuity Problems

Example: An account earning a 5% annual effective rate has a current balance of 6,000. If a deposit of 1,500 is made at the
end of each year for 20 years, what will be the balance in the account at the end of 20 years?

. Nt (1+)"—1
Solution: FV = ka(t) + Ps. where ka(t) = k(1 + i) and s = **~——. So,

I n|

1+0.05)%2 —1
FV = 6000(1 + 0.05)%° + 1500% = 65,518.72
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Section 2.6: Basic Annuity Problems

Example:

An account earning a 5% annual effective rate has a current balance of 6,000. If a deposit of 1,500 is made at the
end of each year for 20 years, what will be the balance in the account at the end of 20 years?

an
Solution: FV = ka(t) + Psn‘ where ka(t) = k(1 4 i) and ST = (lm%’l So,

1+0.05)%2 —1
FV = 6000(1 + 0.05)%° + 1500% = 65,518.72

Example: You want to accumulate at least 20,000 in an account earning a 5% annual effective rate. You will make a level

deposit of 1,000 at the beginning of each year for n years. What is the value of n?
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Section 2.6: Basic Annuity Problems

Example: An account earning a 5% annual effective rate has a current balance of 6,000. If a deposit of 1,500 is made at the
end of each year for 20 years, what will be the balance in the account at the end of 20 years?

an
Solution: FV = ka(t) + Ps.- where ka(t) = k(1 + Nt and s— = (lm%’l So,

I n|

1+0.05)%2 —1
FV = 6000(1 + 0.05)%° + 1500% = 65,518.72

Example: You want to accumulate at least 20,000 in an account earning a 5% annual effective rate. You will make a level
deposit of 1,000 at the beginning of each year for n years. What is the value of n?

Solution:

FV = Ps—
n|
(1+0.05)"
20000 = 1000-—5o——
1.05
» 20000 0.05
= (140.05)" = ——.———
1000 1.05
= In(1 +0.05)" = In(1.9524)
In(1.9524)
= n In(1.05) = In(1.9524) = n= ———~ =13.71
In(1.05)

For n = 13, we have FV = 1000'5'17‘ = 18, 598.63 but this amount is less than 20,000.

For n = 14, we have FV = 1000§m = 20, 578.56
Thus, 14th payment is required to reach at least 20,000.
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Section 2.7: Deferred Annuities

Deferred annuity is an annuity whose first payment takes place at future period.
M Consider an annuity of under which payments of 1 (unit annuity) are made at the end of each period for n periods:

Time 0 1 2 3 4 5 6 7 8
Contributions 0 1 1 1 1 1 1 1 1

B The present value of an annuity-immediate with level payments of one is aﬂ

B Assume that the payment starts from the end the third period.
Time 0 1 2 3 4 5 6 7 8
Contributions 0 0 0 1 1 1 1 1 1

B The present value of the annuity would be VZaa (the present value at the end of the third period discounted for two periods).

M To see this imagine the payment starts at the end of the first period:

Time 0 1 2 3 4 5 6 7 8

Contributions 0 1 1 1 1 1 1 1 1
The present value at t = 0 is agr However, we must remove the present value of the imaginary payments, which is aﬁ Thus,
the present value at the end of the third period:

1 -8 1—2 —V8+V2 21—V6 2
aﬂ aﬁ - i - i - i i =V aa
An annuity like this is called a deferred annuity.
Prof. Mohamad Alghamdi ACTU 371 22 /71




Section 2.7: Deferred Annuities

B The present value of an n—year unit annuity—immediate deferred for k years is Vkaﬂ.

B Notation for the present value of an n—year unit annuity—immediate deferred for k years is k|aﬂ’ so we have:
ar=vkar
k| ¥ = n|
Notes.

@ From above explanation, we have

k _
Yo = Fal T T
Also,
37_374,1,’(37
Kl = k] 'l

The present value of an annuity—immediate for n + k periods is the sum of the present value of a k—period
annuity—immediate and an n—period annuity deferred for k periods.

Take this example:
aazu+u2+u3+u4+u5 :(u+u2+u3)+(u4+u5):(u+u2+u3)+u3(u+u2): 3

The present value of a five-period annuity—immediate can be expressed as the sum of a 3-year annuity—-immediate and a
2-year annuity—immediate deferred for 3 years:

The present value of an n-year annuity—-immediate deferred for k years with level of payment P is

Pyagr="P vhar
nl n|

Prof. Mohamad Alghamdi ACTU 371




Section 2.7: Deferred Annuities

Example: If aﬂ = 3.5460 and * = 0.8227. Find aa
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Section 2.7: Deferred Annuities

Example: If aﬂ = 3.5460 and * = 0.8227. Find aa

Solution: From B
Nl T ATV AT
we have

agp = o + u“aﬂ = 3.5460 + (0.8227)(3.5460) = 6.463
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Section 2.7: Deferred Annuities

Example: If aﬂ = 3.5460 and * = 0.8227. Find aa

Solution: From B
Al T ATV AT

we have

agp = o + u“aﬂ = 3.5460 + (0.8227)(3.5460) = 6.463

Example: Based on a 5% annual interest rate, find the present value of a 10-year annuity with level payments of 100 each, with
the first payment occurring 4 years from now.

Prof. Mohamad Alghamdi ACTU 371




Section 2.7: Deferred Annuities

Example: If aﬂ = 3.5460 and * = 0.8227. Find aa

Solution: From B
Nl T ATV AT
we have

agp = o + u“an = 3.5460 + (0.8227)(3.5460) = 6.463

Example: Based on a 5% annual interest rate, find the present value of a 10-year annuity with level payments of 100 each, with
the first payment occurring 4 years from now.

Solution:
The first payment at the end of the 4th year i.e, no payments during the first 3 years, so this is a 3—year—deferred annuity
immediate.

)10
= 667.03

1 1— (2
P 3jagg = 100 V3af — 100 ( ) 1+0.05
[ [ 1+ 0.05 0.05

OR
Use the relation: .
VoAl = kgl T %
1 13 1 3
L= (rro0s)” 1~ (iro08)
0.05 0.05

1001/33— = 100(a7%T — az7) = 100 = 100(9.3936 — 2.7232) = 667.03
13 3]

10]
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Section 2.7: Deferred Annuities

Now again, assume that the payment starts from the end the third period:

Time 0 1 2 3 4 5 6 7 8
Contributions 0 0 0 1 1 1 1 1 1

25
ST
To see this imagine the payment starts at the end of the first period:

The future value of the annuity would be at t = 8: (1 + i)

Time 0 1 2 3 4 5 6 7 8
Contributions 0 1 1 1 1 1 1 1 1

The future value at t = 8 is Sﬂ However, we must remove the future value of the imaginary payments, which is sﬁ Thus, the
future value at the end of the last period:

L+ -1 @+ -1 @+ —@+i?
& — s = _ - -
CIR] i i i

(40 (1+i)°—1

_ 82
—(1+I)Sa

In general, the future value of an n-year unit annuity—immediate deferred for k yearsis (1 + i)ks—

nl”

Note. s = (1+ ik

s
n|

Prof. Mohamad Alghamdi ACTU 371 ary 8, 2025




Section 2.8: Annuities with Varying Payments

B Remember.
B An annuity is said to have level payments if all payments C; are equal.
B An annuity has nonlevel payments if some payments C; are different from other ones.

M For any type of varying annuity, the present value (the accumulated value) can be evaluated by taking the present value (the
accumulated value) of each payment separately and summing the results:

Time (in periods) t1 ty . tp

Investments G G . Cn

Under the accumulation function a(t),

B The present value of the considered cashflow at time zero: PV/(t) = ZJ’-’ZI G a(lt_)
il

M The future value at time t of the cashflow: FV(t) =37 ; G :((tt,))
i

B In this section, we consider special annuities with varying payments. In particular, we focus on varying annuities for which
simple expressions can be developed:

M (1) Annuities with Terms in Arithmetic Progression.

M (2) Annuities with Terms in Geometric Progression.
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Section 2.8: Annuities with Varying Payments

(1) Annuities with Terms in Arithmetic Progression.

(A) Increasing Annuities with Terms in Arithmetic Progression
B An annuity whose n payments are 1,2, 3, ..., nis called a unit increasing annuity.
M If payments are made at the end of each period, it is an increasing annuity—immediate.

B The present value of the increasing annuity—immediate for n payments is denoted by (/a)—

nl
Time 1 2 3 . n Present Value
m
Payments 1 1 1 1 17%
1 1 1 va—=uv 1-p"1 v—v"
e
-2 2 n
2 _ 2 1=u" _ vi—v
1 1 v 'ﬁ7 ve. 7 = 7
n—1 _on—11—v _ p"Tloyr
1 v .aﬂfu = 7
n—1 t G——n"
vi—nv
Total 1 2 3 o Zi=0 ¥ =l

Now, we have

§H — nv"
(ta)yr = A——

Prof. Mohamad Alghamdi ACTU 371
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Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4. If the annuity—immediate payments are 1, 2, 3, 4, then find the present value.
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Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4. If the annuity—immediate payments are 1, 2, 3, 4, then find the present value.

G——n"
Solution: Apply (Ia)ﬂ = fori=5%andn=4

i

Prof. Mohamad Alghamdi ACTU 371



Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4. If the annuity—immediate payments are 1, 2, 3, 4, then find the present value.
G——n"
Solution: Apply (Ia)ﬂ = "lf for i =5% and n = 4:
5 — 4t
(fa)gr = = 8.6488
4l 0.0

M If payments are made at the beginning of each period, it is an increasing annuity—due.

Los — ;7
Remember: qr= g = 1+ l)aﬂ

. . 5Tfnu" 57‘7111/"
From this, we have (’é)ﬁ = é(la)— = 5"7 ==z

nl 7 = d

— "

j i
(8 = ~(aky = (14 i)(la)r = ———

B For increasing continuously payable annuity, remember that 57 = éan— so we have

G — "

() = Sy = 21—
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Section 2.8: Annuities with Varying Payments

M In the case of an increasing perpetuity, the present value is the limit of the appropriate formula as n approaches infinity:

n
M Increasing unit perpetuity—immediate: (Remember: aﬁ = 17du )
5? — " 1_9 1
(lay—r = lim (Ja)-r = lim =4 = —
oo T n—oot /| — oo i i id
M Increasing unit perpetuity—due:
5? — " 1_9 1
(15— = lim (J§)=—= lm 21— —d ==
oo| T n—oot Vnl T n—oo d d d2
B Increasing continuously payable perpetuity:
5? — " 1l _9 1
(13— = lim (/137 = lim = = —
oo T n—oo |~ n—oo 5 5 sd
ACTU 371
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Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4, find (Ié)ﬂ.
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Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4, find (Ié)ﬂ.

Solution: Apply (Ié)ﬁ = —

-
q

we have (Ié)ﬂ =

Prof. Mohamad Alghamdi ACTU 371 February 8, 2025 30/ 71



Section 2.8: Annuities with Varying Payments

Example: Let i = 5% and n = 4, find (Iéi)ﬂ.

éﬁ— nv
Solution: Apply (Ié)m ==
syt
we have (Ié)ﬂ = ——5— =9.0812
M The future value of an increasing unit annuity—-immediate is denoted by (Is)ﬁ. Remember. ST = 1+ i)”aﬁ

Notes. We use the previous relation to find expressions to calculate (Is)ﬂ, and for (Ié)T, (IE)H students can follow same
procedure:
o ) éﬁ—ny" (1+i)"§ﬁ—(1+i)"nu" "s'ﬁ—n
(IS)H: (L+1) (Ia)W:(1+l) ; = ; = ;

B
(8)r=0+ i)”(/éi)H ==

(8 = L+ )"y = A = é(/s)H
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Section 2.8: Annuities with Varying Payments

(B) Decreasing Annuities with Terms in Arithmetic Progression
M An annuity whose n payments are n,n — 1, n — 2, ..., 1 is called a unit decreasing annuity.
M If payments are made at the end of each period, it is an decreasing annuity—immediate.

B The present value of the decreasing annuity-immediate for n payments is denoted by (Da)ﬁ

Time 1 2 3 S S n—1 n

Payments n n—1 n—2 1
Now,

Time 1 2 3 n—2 n—1 n

decreasing annuity-immediate n n—1 n—2 . 3 2 1

increasing annuity-immediate 1 2 3 o n—2 n—1 n

Total n+1 n+1 n+1 n+1 n+1 n+1

This implies that PV = (n + l)aﬂ ie. (Da)ﬂ + (Ia)ﬁ =(n+ l)aﬂ

Prof. Mohamad Alghamdi ACTU 371
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Section 2.8: Annuities with Varying Payments

We can rearrange that formula and solve for (Da)ﬂ:

(Da)ﬂ =(n+ l)aﬂ — (Ia),T|

1" éﬁ—m/"

ey o
1 1

(n+1)—(n+1)" 75H+m/”

i

(n+1)—5ﬁ—u" :n—(éﬁ—lﬁ»u")

i

n—a-

nl

i
Note:
14— 1—" 14— 1—v"—d+dv" :(lfd)fu"(lfd):(lfd)(lfl/") _ 1—v
nl d d d d i
where % = % So ,we have
n—ag
(Da)
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Section 2.8: Annuities with Varying Payments

. . h—a— n—a—
So we have (D3);r = §(Da)yp = §.—" = il
Da d D. 1+ i)(D. n_aﬁ
( B)W*g( a)r = (L+ i) (Da)gy = =

B For increasing continuously payable annuity, remember that §W = éaﬁ

So we have

_ i nar
(Da)r = E(Da)ﬂ ==

Prof. Mohamad Alghamdi ACTU 371



Section 2.8: Annuities with Varying Payments

M The future value of an decreasing unit annuity—immediate is denoted by (Ds)

Note: We use the previous relation to find expressions to calculate (Ds)

procedure:

(Ds)

n|

= (1+1)(Da)

T Remember: ST = T+n"

(D3)

—, and for
n|

n—ar aQ+0)"n—1Q+i)"
H:(1+i)" =

o

a—

nl

(Dé)ﬁ students can follow same

n(l+i)" —

n|

i

i

R n(l+i)" — ST

(Ds)ﬂ =(141) (Da)n‘ = ;
R n(l+i)" — ST

(Ds)ﬂ =(141) (Dé)n‘ = =
n(l+i)" —s—

(D3)r=(1+ i)”(Ds)n‘ = 3

Prof. Mohamad Alghamdi
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Section 2.8: Annuities with Varying Payments

M The future value of an decreasing unit annuity—immediate is denoted by (Ds)

Note: We use the previous relation to find expressions to calculate (Ds)

n|

. Remember: S = T+n"

a)- students can follow same

L and for (D3)
procedure:
n—ar aQ+0)"n—1Q+i)"
(D)7 = (@ + ) (D = (14 )" T = ,.
R n(l+i)" — ST
(Ds)ﬂ =(141) (Da)n‘ = ;
R n(l+i)" — ST
(Ds)ﬂ =(141) (Dé)n‘ = =
n(l+i)" —s—
(DE)W =1+ i)”(Ds)n‘ = 3

Example: Given i = 5% and n = 4, find (Da)ﬂ

Prof. Mohamad Alghamdi
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Section 2.8: Annuities with Varying Payments

M The future value of an decreasing unit annuity—immediate is denoted by (Ds)

T Remember: ST = T+n"

a—r.
nl
Note: We use the previous relation to find expressions to calculate (Ds)

L and for (Dé)ﬂ, (Dé)ﬁ students can follow same
procedure:

n—ar (1+i)"n7(1+i)"aﬂ n(l+i)" —
Do)y = (14 0)"(Da)y = (1 4+ )" —L = -

n|

i

R n(l+i)" — ST
(Ds)ﬂ =(141) (Da)n‘ = ;
R n(l+i)" — ST
(D§)H =(141) (Dé)n‘ = =
n(l+i)" —s—
- N
(Ds)ﬂ =(141) (Da)n‘ = :
.
Example: Given i = 5% and n = 4, find (Da)ﬂ
n—a—
Solution: (Da)ﬂ = /."‘ ,so for n =4 and i = 0.05,we have
4— a3 43546
(Day;; = =" _9.08
‘ 0.05 0.05

Prof. Mohamad Alghamdi
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Exercises

Exercise 1: An annuity pays 1 at the end of each of the next four years and 2 at the end of each of the four following years.
Based on a 5% annual effective rate, what is the present value of this annuity?
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Exercises

Exercise 1: An annuity pays 1 at the end of each of the next four years and 2 at the end of each of the four following years.
Based on a 5% annual effective rate, what is the present value of this annuity?

Solution: This sequence of payments can be broken down into an 8-year annuity—immediate with payments of 1, plus a
4—year—deferred annuity—immediate with 4 payments of 1 each:

Time 1 2 3 4 5 6 7 8 Present Value
Payments 1 1 1 1 1 1 1 1 o — 1228
Y 5] — 0.05

4 _ a1t
1 1 1 1 v 'aﬂ7 v 505

Total 1 1 1 1 2 2 2 2 agr+ u“.aﬂ

4 1—.8 41— vt
287-%—1/.34—: + v, =9.38
I I 0.05 0.05

B Another approach is to analyze this series of payments:

a 4—year annuity—immediate with payments of 1, plus a 4—year—deferred annuity—immediate with 4 payments of 2 each:

. 14 _ 4
artv2ay = +2v
I o0.05
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Exercises

Exercise 2: An annuity pays 100 at the end of each of the next 10 years and 200 at the end of each of the five subsequent
years. If i = 0.08 , find the present value of the annuity.
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Exercises

Exercise 2: An annuity pays 100 at the end of each of the next 10 years and 200 at the end of each of the five subsequent
years. If i = 0.08 , find the present value of the annuity.

Solution: This sequence of payments can be broken down into an 10-year annuity—immediate with payments of 100, plus a
5—year—deferred annuity—immediate with 5 payments of 100 each:

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Present Value

Payments| 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 IOOaﬁ

100 100 100 100 100 1001110.‘9ﬂ

Total 100 100 100 100 100 100 100 100 100 100 200 200 200 200 200 100(aﬁ+ ulo.aa)

10 1—u 101-?
100(aggy + v'0.a57) = 100——— + 1000 —— = 1,040.89

B Another approach is to analyze this series of payments:
a 10—year annuity—immediate with payments of 100, plus a 10-year—deferred annuity—immediate with 5 payments of 200 each:

1,10 1-.5

10 v 10 v
100ag5r + »1°.200a5- = 100——— + 200", ——— =1, 040.89
[ [ 0.08 0.08
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Exercises

Exercise 3: An annuity-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. There are 10 further payments of 500. Find the present value of this annuity at 6.5%.
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Exercises

Exercise 3: An annuity-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. There are 10 further payments of 500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3 4 5 6

Payments| 100 200 300 400 500| 500 500 500

500 500 500 500 500 500 500
100(/a)=

5
5] v 45004am

PV = 100(la)g; + ”5'500'3W = 100(11.9445) + (0.7299)(500)(7.1888) = 3,817.95
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Exercises

Exercise 3: An annuity-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. There are 10 further payments of 500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3 4 5 6

Payments| 100 200 300 400 500| 500 500 500

500 500 500 500 500 500 500
5
100(/2)g; v°.500. 255
PV = 100(la)g; + V5.500.am = 100(11.9445) + (0.7299)(500)(7.1888) = 3,817.95

Exercise 4: An annuity—immediate has 5 annual payments of 100, followed by a perpetuity of 200 starting in the 6th year. Find
the present value at 8%.
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Exercises

Exercise 3: An annuity-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. There are 10 further payments of 500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3 4 5 6

Payments| 100 200 300 400 500| 500 500 500

500 500 500 500 500 500 500
5
100(/2)g; v°.500. 255
PV = 100(la)g; + V5.500.am = 100(11.9445) + (0.7299)(500)(7.1888) = 3,817.95

Exercise 4: An annuity—immediate has 5 annual payments of 100, followed by a perpetuity of 200 starting in the 6th year. Find
the present value at 8%.

Solution:

Time 1 2 3 4 5 6 7 8
Payments| 100 100 100 100 100| 200 200 ... ...
100257 15.200.a— = 15.200.1
| | i
PV = 100257 + V5‘200.3;‘ = 399.271 + 1701.458 = 2100.73

Prof. Mohamad Alghamdi ACTU 371
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Exercises

Exercise 5: An annuity—-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. Find the present value of this annuity at 6.5%.
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Exercises

Exercise 5: An annuity—-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3

Payments 100 200 300 400 500

The present value of this cashflow is

PV = 100(la)gy = 100(11.9445) = 1194.45
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Exercises

Exercise 5: An annuity—-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3 4 5
Payments 100 200 300 400 500

The present value of this cashflow is

PV = 100(la)gy = 100(11.9445) = 1194.45

Exercise 6: Find the present value of a 15year decreasing annuity-immediate paying 150000 the first year and decreasing by
10000 each year thereafter. The effective annual interest rate of 4.5%.
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Exercises

Exercise 5: An annuity—-immediate has a first payment of 100, and the payments increase by 100 each year until they reach
500. Find the present value of this annuity at 6.5%.

Solution:

Time 1 2 3 4 5
Payments 100 200 300 400 500

The present value of this cashflow is

PV = 100(la)gy = 100(11.9445) = 1194.45

Exercise 6: Find the present value of a 15year decreasing annuity-immediate paying 150000 the first year and decreasing by
10000 each year thereafter. The effective annual interest rate of 4.5%.

Solution: The cashflow of payments is

Time 1 2 3 15
Payments (15) (10000)  (14) (10000)  (13) (10000) ... (1) (10000)

The present value of this cashflow is

PV = 10000(Da)+ = (10000)(94.6767616) = 946767.616
15]
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

Suppose the first payment in an annuity—immediate is P and the subsequent payments change by Q per period, where Q can be
either positive or negative. If the annuity has n payments, the sequence of payments is:

P,P+Q,P+2Q,...,P+(n—1)Q
We find the present value for this sequence of payments:
Time 1 2 3 n Present Value
Payments | P P P PBW
-1
Q Q Q u.o.am:uQ%:Q”%”"
—2 2
Q Q VZ,QAﬁ:u?Q'%:Q_V%_VH
Q =1 Qo = =1 Q 1—v _ Q pn—1_yn
Q.ag = Q. =Q.
n t_,.n a——nv"
Total P P+Q  P+2Q ... Pi(n— | Pari+ ta:l#zpﬁﬁ Q("‘f)
1)@
) add Q"

The present value of this annuity is:

—nv"

o
Pv:Pﬁ+Q(7"' - )

Prof. Mohamad Alghamdi ACTU 371
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

B Another approach to find the present value for the previous sequence of payments is as follows:

P,P+Q,P+2Q,...,P+(n—1)Q
Time 1 2 3 4 . n Present Value
Payments | P P P P P Paﬂ
2Q 3Q (n—1)Q Q~”~(’a)r1|
PV:PaW-F Q.u.(la)m
G = (=1t
=Pas+ Q.v.
n| i
a—g— (=" . 1— vt no1y _ L—v"t
:PaWwLQ.% uam:ufzf(lfu )= ; = a7
— " "
s |
n| i
aq— 11—yt 1—v"w =) 1—u"(A+i—i
_PQT+Q(N| ) am+”n— +v" = (_ ) _ (, ):a—
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

a——nv"
Notes. For the formula: PV = F’aﬂ + Q(nlf),

M In the previous formula, if P = 1 and Q = 1, then we have the present value of the unit increasing annuity—immediate

ar—n"  iar+ar—nm"
n| n| nl
PV =a++ =
n| i i
B n
3 1+ l)aﬁ — nv
i
éiﬂ — "
= —————  Remember: aﬂ =(1+ r)aﬂ
1
= (la);;
M In the previous formula, if P = n and Q = —1, then we have the present value of the unit decreasing annuity—immediate
n . n
aﬂfnv _ Inaﬂfaﬂer/

PV = na— —
| i i

n(iaHJr V) —ar

Prof. Mohamad Alghamdi ACTU 371



Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

B The present value of an increasing perpetuity—immediate of the form P, P + Q, P 4+ 2Q, . . .:

lim PV = lim P37+Q(n‘7)
n— oo n—oo  nl i

|
T‘P
+
i)
—~

n

M To develop a formula for the future value of the annuity at time n, we can multiply the present value by (1 + i)" as follows:

(1+i)”aﬁfn(1+i)" v
@+ PV =P+ 2+ Q( - )

FV=Ps+ Q(ﬁi_ n)

The future value of this annuity is:
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

For annuity—due, suppose the first payment is P and the subsequent payments change by Q per period, where Q can be either

positive or negative. If the annuity has n payments, the sequence of payments is:P, P + Q, P +2Q, ..., P+ (n — 1)Q:
Time 0 1 2 3 n—1 Present Value
Payments | P P P P P Péﬁ
Q 2Q 3Q (n—1)Q Q.u.(lé)m
PV = Péﬂ“’ Q.u.(lé)m
Gy — ("

=Pi+Qu T

n| d

am—(”—l)'/n 1—p 1t 4 11—t

= Pi—+ Q. v i——=v (1—-v""7) =3

n| d n—1]| d i n—1]|

& — " + "

=Pi—+Q ————

n| d

n
ay — 1—p 1t 1— (vt =i 1—v"(1+i—i

:PéierQ.( ol ) a—+" = +v ( ): ( ):af

n| d n—1]| i i i n|

The present value of this annuity is:
a—— nv"
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

B Another approach to find the present value for the previous sequence of payments is as follows:
We know that

= 1+ l)aﬂ
and the present value for the annuity—-immediate:

a7 — "

_ |
PV = Par+ Q(———)

This implies that the present value for annuity—due

n

aﬂfnu
PV = P(L+ azr+ Q1+ i) ——
1
Hence,
aﬁ_ I'IUn i
PV = Pi—+Q d=
l d 14

Prof. Mohamad Alghamdi ACTU 371




Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

Notes:
B In the previous formula, if P = 1 and @ = 1, then we have present value of the unit increasing annuity—due

aﬁ—nu" déﬁ-%—aﬁ—nu"
PV =&+ =
nl d d
déWJru.éﬁfnu" .
= a—=v.id
4 n il
éﬁ(d-f—u)—nl/"
d
ap— " i 1 1+
= — Note: d + v = + = =
d 1+i 1+ 1+

= (a);

B In the previous formula, if P = n and Q@ = —1, then we have present value of the unit decreasing annuity—due

a7 —m" dnar—a-+nm"
n| n| n

PV = ni— —
| d d

n(déﬁ+ v — ar
d

1
a0 . . n
= = (Da)ﬂ Note: daﬁ +v'=d
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

B The present value of an increasing perpetuity—due of the form P, P + Q, P +2Q, .. .:

oo "5

lim PV = lim P
n— 00 n— oo

oo

—paro( =)
P 1 P Q
=gt %

B To develop a formula for the future value of the annuity at time n, we can multiply the present value by (1 + /)" as follows:

T+ ar = n(1+i)"v"

] )

(1+i)"Pv:P(1+i)”t¢‘+o(

v=pisso(TT)

The future value of this annuity is:
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

Exercise 3: A 10-year annuity-immediate has a first-year payment of 500. The subsequent payments increase by 100 each year.
Find the present value of this annuity based on an annual effective rate of 5%.
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Section 2.9: A Single Formula for Annuities with Terms in

Arithmetic Progression

Exercise 3: A 10-year annuity-immediate has a first-year payment of 500. The subsequent payments increase by 100 each year.
Find the present value of this annuity based on an annual effective rate of 5%.

Solution:

a7 —n"
PV = Par+ Q("lf)
where n = 10, i = 0.05, P = 500, Q = 100.
1—(1.05)— 10 10

— (1.05)"10
0.05

1
PV = 500

+100( 00— — L% ) — 7,026.07
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Section 2.10: Annuities with Terms in Geometric

Progression

B A geometric annuity is an annuity where the payments increase geometrically with a common ratio.

For example, consider the sequence of three payments 1, 1.05, 1.1025 = (1A05)2 made at the end of the years 1, 2, 3:

Time 0 1 2 3
Payments 1 1.05 (1.05)2

. . . . 1.05 _ (1.05)2
B The payments increase geometrically with a common ratio of 1.05: =2 = Hom

M The payments increase geometrically with a growth rate g = 0.05: 1, (1 + 0.05), (1 + 0.05)2

B More generally, we can consider an n-year geometric annuity-immediate with growth rate g. Its payments are
L(A+g),(1+e?(1+e)’ ... 1+

M The present value is represented by the symbol a8 or a_. Sometimes present value is represented by the symbol (Ga)m,- P
nir n

B The first payment in the geometric series is 1.

B The annual rate of change, g, can be either positive or negative, reflecting payments that increase or decrease geometrically.
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Section 2.10: Annuities with Terms in

Progression

Now, we have the following cashflow:

Geometric

Time 1 2 3 -
Payments | 1 (1+e) (1+g) (1+g)" !
B We can express the present value of a g ric annuit; diate as follows:
£t (1+g) (1+g)? (1+g)?
N R L+
1 l1+g 14+g ltg._
= ,[1+( ) (Y2 (e 1}
14 1+ 1+ 11
1
11 (B o aew
= - —— T o We apply the formula: for r = s
1+’1_(ﬁ€) 1—r )
1+, 1+,
,;1_(1#%)” - 1—(1+§)"
Tl @-0re) -
1+ -te) i—g
lt+gy\n
g _1— (Tﬂ)
at_ =
l =g
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Section 2.10: Annuities with Terms in Geometric

Progression

Notes: .
IIfg:O,thena“i:l_." =a-
n| ! n|
Wifg=i
1 l1+g 1+g 1+g,
#om [ () 1 (T8 ()]
n| 1+ 1+ 1+ 1+
1 n
(141414 41] = -
14 147
B For geometric annuities—due:
1+g\n
1-— =
# = (1+)E =1+ ,(”')
n| n| I—g
_ (Ltgyn
:Lli(“") v L ¢1—1+i
v i—g 1+ v
1+
1y
iv—g.uwv
l+g\n
-G
d—g.uv
Prof. Mohamad Alghamdi
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Section 2.1
Progression

: Annuities with Terms in Geometric

B For the future values of geometric annuities:

_ (1+g_)n
£ =1+ i)".ail = (14—
n n

i—g
_ (4 —a+e"

i—g
and
l+g\n
1-— >
g =1+n"E =1+ ;)".M
n n| d—g.v
_(@+)"-(0+e)
d—g.uv
B For the perpetuity, (1) annuity—immediate
_ (ig_)n
lim lim L
n—oo n| n— oo i—g
1-0
£ = fori > g
oo I—g i —

If g > i, the present value of the perpetuity is infinite.
Prof. Mohamad Alghamdi
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Section 2.10: Annuities with Terms in Geometric

Progression

(2) annuity—due

1— (& 1-0
lim 3 = lim (1+') #_ = = fori > g
n—o00 n| n—oo  d—guw oo d—g.v d—g.v
-
1) ric annuity—il diate
l+g\n .
1= (T 1+0)"—(1+g)"
s DGR 0ty -(+te)
n| i—g n| i—g
1—" n
Ifg=0, & = =a—andifg=1i, & =
n] i &l a1
(2) geometric annuity—due
1— (&) 14+i)"—(1+g)"
48— (1+/) andéiz( ) ( g)
n| d—g.v n| d—g.v
1 1
Fori > g, agi:‘ and 88 = ———
oo i—g oo d—g.uv
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Section 2.10: Annuities with Terms in Geometric

Progression

For an annuity—immediate or for future values, you must first calculate the present value of the annuity—due, and then adjust it
by the appropriate interest factor, using (1 + /):

(1)

£ (e

1+i (1+/ —(1+)s.

)

_ <111€)
T+
:17(1+ ) s

i—g n|

(2

(14 i1 — )"

(1+i)n71A5g;: 1+i

n|

d—g.uv

(@+)"—(1+g)"
1+

d—g.v
A+ )"-(1+g)
T (1+i)d—(1+i)gw
1+ )"-(1+g)
i—g

EAY
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Section 2.10: Annuities with Terms in Geometric

Progression

_a+ D - ()"

14 0)".5E
( ) n| d—g.v
(14N =(1+g)

d—g.v

%

Example: Given i = 10%, find the present value of the sequence of payments: 1.05, (1.05)2, ey (1.05)10. Payments are
made at the beginning of each year.
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Section 2.10: Annuities with Terms in Geometric

Progression

(40" — @+ ()"
an .8 +i
(1+17) .am— pr—

_ 4N -(+g)"

d—g.v

%

Example: Given i = 10%, find the present value of the sequence of payments: 1.05, (1.05)2, ey (1.05)10. Payments are
made at the beginning of each year.

Solution: Note that this series starts with 1.05, not 1, and that payments are made at the beginning of each period with

g = 0.05.

1.03)10

(1.05).5%“’3‘10 = (1.05). =8.59
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Section 2.10: Annuities with Terms in Geometric

Progression

Example: You want to save 1,000,000 for retirement. You plan to make annual deposits at the beginning of each year into an

account that earns an annual effective rate of 7.5%. You will increase the amount of your deposit each year by 4%. If you plan
to retire in 40 years, what should be the amount of your first deposit?
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Section 2.10: Annuities with Terms in Geometric

Progression

Example: You want to save 1,000,000 for retirement. You plan to make annual deposits at the beginning of each year into an

account that earns an annual effective rate of 7.5%. You will increase the amount of your deposit each year by 4%. If you plan
to retire in 40 years, what should be the amount of your first deposit?

Solution: Let P be the amount of the first deposit.

1+0)" —(1+g)
FV:P.§5—P7( )= Ate)

ol

d—g.v
40 10
.0.04 (1.075)" — (1.04)
1,000,000 = P 20[0.075 0.075 _ 0.04
1.075 — 1.075
1,000, 000 = P(406.756)
1, 000, 000
= ' =2 458.48.
406.756
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Section 2.10: Annuities with Terms in Geometric

Progression

Example: You want to save 1,000,000 for retirement. You plan to make annual deposits at the beginning of each year into an
account that earns an annual effective rate of 7.5%. You will increase the amount of your deposit each year by 4%. If you plan
to retire in 40 years, what should be the amount of your first deposit?

Solution: Let P be the amount of the first deposit.

1+0)" —(1+g)
FV:P.§5—P.7( )= Ate)

nl d—g.v
40 10
.0.04 (1.075)" — (1.04)
1,000,000 = P 20[0.075 0.075 _ 0.04
1.075 — 1.075
1,000, 000 = P(406.756)
1, 000, 000
=2, 458.48.
406.756

Example: An annuity provides for 10 annuals payments, the first payment a year hence being $2600. The payments increase in
such a way that each payment is 3% greater than the previous one. The annual effective rate of interest is 4%. Find the present
value of this annuity.
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Section 2.10: Annuities with Terms in Geometric

Progression

Example: You want to save 1,000,000 for retirement. You plan to make annual deposits at the beginning of each year into an
account that earns an annual effective rate of 7.5%. You will increase the amount of your deposit each year by 4%. If you plan
to retire in 40 years, what should be the amount of your first deposit?

Solution: Let P be the amount of the first deposit.

1+0)" —(1+g)
FV:P.§5—P.7( )= Ate)

nl d—g.v
40 10
008 (1.075)% — (1.04)
1,000,000 = P 20[0.075 P 0.075 _ 0.04
1.075 — 1.075
1,000, 000 = P(406.756)
1, 000, 000
= P=2"""_>5 458.48.
406.756

Example: An annuity provides for 10 annuals payments, the first payment a year hence being $2600. The payments increase in
such a way that each payment is 3% greater than the previous one. The annual effective rate of interest is 4%. Find the present
value of this annuity.

Solution: Let P be the first payment.

1+g\n
1-— e
PV = P.a5 P.il(“’)
n| i—g
0.03 - (%)10
PV = (2600)a> = (2600 -
(2600)235]g 7 = (2600) 0.04 — 0.03

= 23945.54454
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Section 2.11: Annuities With More Complex Paymen

Patterns

Example: The present value of a series of payments of 3 at the end of every eight years, forever, is equal to 9.5. Calculate the
effective annual rate of interest.
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Section 2.11: Annuities With More Complex Payment

Patterns

Example: The present value of a series of payments of 3 at the end of every eight years, forever, is equal to 9.5. Calculate the
effective annual rate of interest.

Solution: Remember: The effective rate of interest over a certain period of time depends only on the length of this period, i.e.
for0 <s <t

A(t) — A(s)  A(0)(1 + Nt — A@0)(1 + i)® N A(t — s) — A(0)
AGs) AQ)(L + i) B B A(0)
where i is the effective annual rate of interest.

So, the 8-year effective interest rate is (1 + i)8 — 1. We have that

1
PV = Paﬁ|(1+i)8—1 = 9.5 = (3)a§|(1+i)8—1 Remember: ax); = h
1

= 9.5 = (3)m

| w

$(1+i)8—1:

©
o

= @+f= =+
9.5

3

-

3
= 1+i=

[3
=i= ¢ o5 T 1= 003489979511

= i = 3.489979511%

o
&l
o
.
:
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Section 2.11: Annuities With More Complex Payment

Patterns

Example: A perpetuity pays $1 at the end of every year plus an additional $1 at the end of every second year. The effective
rate of interest is i = 5%. Find the present value of the perpetuity at time 0.
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Section 2.11: Annuities With More Complex Payment

Patterns

Example: A perpetuity pays $1 at the end of every year plus an additional $1 at the end of every second year. The effective

rate of interest is i = 5%. Find the present value of the perpetuity at time 0.
Solution:
Time 0 1 2 3 4 5 6 . Present value
Payments 1 1 1 1 1 1 | = %
— 1
! ! ! Asl(LHR—1 T @21
The 2-year interest factor is
1+ i)2, so the 2-year effective
interest rate is (1 + i) — 1.
1,1
Total 1 2 1 2 1 2 o ; + )71
1 1 T+ -1+
PV=- 14 ) = 20.7561

i (1402 -1 if(1+i2—1]
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Section 2.11: Annuities With More Complex Payment

Patterns

Example: An annuity-immediate has a first payment of 100, and its payments increase by 100 each year until they reach 500.
The remaining payments are a perpetuity-immediate of 500 beginning in year 6. Find the present value at 6.5%.

Prof. Mohamad Alghamdi

ACTU 371



Section 2.11: Annuities With More Complex Payment

Patterns

Example: An annuity-immediate has a first payment of 100, and its payments increase by 100 each year until they reach 500.

The remaining payments are a perpetuity-immediate of 500 beginning in year 6. Find the present value at 6.5%.

Solution:

Time 1 2 3 4 5 |6 7
Payments| 100 200 300 400 500| 500 ... .
5 .5 1
100(/2)5 . ggs v.500.5_ = 1°.500. 1
a5 —5(1555)° 1 1
PV = 10021005 2106857 ° 5 550~ — 1104.45 4 5614.47 = 6808.92
0.065 1.065 0.065
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.

Solution: The number of payments made is (5)(12) = 60.
nn
Remember: FV = P.sp); = P.(IM%

However, we use
FV =P.s

nxm| —'(,,:)
where m is number of payments each year.
Now, we want to find %
i(m) i(12) 1
1+i)=01+—)"= — =(1+0.045)12 — 1
m 12
The one-month effective interest rate is (1A045)1/12 -1
Hence, the balance of this account at the end of 5 years is
((1.045)1/12 — 1 4 1)60 1 (1.045)° — 1

FV = 500. = (500 = (500) ————-—5—— = 33495.8784
Sgo)(1.045)1/12_1 = (500) (1.0a5)1/12 _ 1 ( )(1'045)1/12 1
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: Find the level monthly payment for a 30-year mortgage loan of 300,000 at an interest rate of 6% convertible monthly.
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Section 2.12: Annuities with Payments More Frequent

than Annual

Find the level monthly payment for a 30-year mortgage loan of 300,000 at an interest rate of 6% convertible monthly.

Example:

Solution: The number of payments made is (30)(12) = 360.
Remember: PV = P4.%"|,-

However, we use
PV =P.a m)

nxm\T

where m is number of payments each year.

Am
A nominal rate of interest 6% convertible monthly means an interest rate of % = 6%’ = 0.5% = 0.005 per month.

We can simply use the usual annuity functions, recognizing that the period is 1 month instead of 1 year:

PV ="P.a Am)

nXm\T

300, 000 = P.a355, 405

300,000
4360/0.005
1 360
_ 30,00 _ 1 ()
166.7916 300/0-005 0.005
P = 1798.65
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: An annuity-immediate has 20 initial quarterly payments of 25 each, followed by a perpetuity of quarterly payments of
50 starting in the sixth year. Find the present value at 8% convertible quarterly.
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: An annuity-immediate has 20 initial quarterly payments of 25 each, followed by a perpetuity of quarterly payments of
50 starting in the sixth year. Find the present value at 8% convertible quarterly.

. . . . . o
Solution: A nominal rate of interest 8% convertible quarterly means an interest rate of BTA’ = 2% = 0.02 per quarter.

PV = P.ag; + V".P.a@“
20
= (25)%|2% + (50)v ™ ass 29
1
= (25)(16.3514) + (50)(0.6729)(50) Remember: ags|; = -

= 2091.2142
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Section 2.12: Annuities with Payments More Frequ

than Annual

B Many annuities, such as loan payments or pensions, have more frequent payments (e.g., monthly or quarterly). We will
develop methods for annuities whose payments are more frequent than annual.

B The symbol a(m)

Al indicates the present value of an annuity-immediate that pays % at the end of each # of a year. For

example, consider an annuity that makes 12 payments per year. The symbol a(lﬁ)

n
1

is the present value of an annuity that pays
15 at the end of each month for n years.

B The cashflow value of the annuity-immediate with level payments of one per year and m payments per year is
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.

Solution: Remember:

FV =P
This implies
0.045 (1+0.045)5 — 1
FV = (500) = 33495.8784
(1.045)1/12 1 0.045
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.

Solution: Remember:

| i(m) "
This implies
0.045 (1+0.045)5 — 1
FV = (500) = 33495.8784
(1.045)1/12 1 0.045

Example: A saver deposits 100 into a bank account at the end of every month for 10 years. If the account earns interest at an
annual effective rate of 6%, what is the savers balance at the end of 10 years?
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Section 2.12: Annuities with Payments More Frequent

than Annual

Example: John invest $500 into an account at the end of each month for 5 years. The annual effective interest rate is 4.5%.
Calculate the balance of this account at the end of 5 years.

Solution: Remember:

| i(m) "
This implies
0.045 (1+0.045)5 — 1
FV = (500) = 33495.8784
(1.045)1/12 1 0.045

Example: A saver deposits 100 into a bank account at the end of every month for 10 years. If the account earns interest at an
annual effective rate of 6%, what is the savers balance at the end of 10 years?

Solution: Remember:

This implies
0.06 (1.045)10 — 1
FV = (100) = 16247.344
(1.06)1/12 — 1 0.06
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

We will address situations where a continuously payable annuitys rate of payment changes continuously.
M (A) Arithmetic Annuities

M (1) The continuously increasing annuity.

B The symbol for the present value of this annuity is (I_§)m .

M The bar over the a indicates that payments are continuous.

B The bar over the [ indicates that the increases in the rate of payment also occur continuously.

At the beginning of the first year (at time 0), the payment rate is 0 and the payment rate at the end of the first year is 1 per
year. It builds up from 0 at time 0 to 1 at time 1, and continues to increase, reaching a rate of n per year at time n.

At any time t, the payment rate is t per year, so the amount paid during a small time interval dt is (t.dt), and the present value
of that amount at time 0 is (t.v*.dt).

To find the present value of all the payments from time 0 to time n, we integrate this value from 0 to n:

Using integration by part:

u=t= du=dt,

1
dw =v'dt = w = /ut dt = —geist Revise the continuous annuity (slide 36 )
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

t 1
/tut dt = ——e 0t 4 e %t gt
5 §
__ bt st 1 st
8 52
oy 1 -5t |n(1+f)_1 t_ ot
—gu - 5—2u e (e ) =v
t
—v 1
=~ (t+§)

This implies

0
771/" 1 11
=75 ("+g)+g(g)
T
-5 (om0
:%(7m/"+7%n|)
Trn‘fnu”
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

This gives us the formula for the present value of a continuously increasing arithmetic annuity:

am — nv
(Ta)y = =
S
In the case of a continuously increasing perpetuity, we have:
Ts fim 22—
)| = lim ———
( )°°‘ n— o0
This implies
— 1
(B = &
For the future values of these annuities:
a5 — " 55 —n
- n n
=1+ I)" =
s

(T9)a = (1+1)"(T3)y

M (2) The continuously decreasing annuity.
A continuously decreasing annuity (Dé)m makes continuous payments at a rate that decreases linearly from n per year at time 0

to a rate of 0 at time n. We can develop a formula for (Dé)m as follows:

(_g)ﬁ\ + (55)ﬁ| = nag = (Dg)ﬁ\ = nag| — (Tg)ﬁ‘ = n.
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

For the future value:
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

For the future value:

(D3)7 = (1 +1)"(Da)g = 1 +1)" i i

Example: An annuity provides continuous payments at the rate of 500 per year at time 0, and its payment rate increases
continuously at a rate of 100 per year for 10 years. Calculate the accumulated value of this annuity at the end of 10 years,
assuming an annual effective interest rate of 10%.
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

For the future value:

(D3)sy = (14 1)"(Da)y

=) =

Example: An annuity provides continuous payments at the rate of 500 per year at time 0, and its payment rate increases
continuously at a rate of 100 per year for 10 years. Calculate the accumulated value of this annuity at the end of 10 years,
assuming an annual effective interest rate of 10%.

Solution: We have two parts:

Part (1): The original payment rate of 500 per year is a level continuously payable annuity, 500%‘
Part (2): The increasing portion is a separate continuously increasing annuity, 100(I_§)ﬁ|

The accumulated value is:

1.10)10 1
(1.10)10 — 1 @ = 10

_ . In(1.10)
50055, + 100(75)55, = 500 + 100
10] (S In(1.10) In(1.10)

= 15,413.20

Prof. Mohamad Alghamdi ACTU 371




Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

M (B) Geometric Annuities

A continuously payable geometric annuity can also have a continuously changing rate of payment. The present value of such an
annuity can be represented by the symbol 3, where g is the continuously compounded rate of change in the payment rate.

n|

This means that the payment rate at time t is €8t We can develop a formula for ééT by integration:
n

z L n . 1— e 6-8) n n
#_ = / Fle % gt = / e (0=t g — _ 3 = / Vit = / e 0t dt
n| 0 0 5—g 0 0

In the case of a continuously perpetuity, we have:

1— e n(6-2) 1

m — = —— suchthat § > g
oo n— oo §—& §—&

The future value of a continuously varying geometric annuity is found by accumulating the present value to time n at the force
of interest, §:

1_ e—n(6—8)

n| §—g8 §—&
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

_ 1— e n(6—-8)
$ -
n| §—g8
5 1
# = such that § > g
o §-—¢g
_ end _ on&
2 =
n| §—&

Note: In some cases, the pattern of continuously varying payments is not arithmetic or geometric, and the interest rate also
varies continuously. In this situation, the present value of the annuity must be expressed as an integral:

n t
pv :/ o(t) e~ I 95 ds gy
0

't
where p(t) is a rate of payment per year that varies as a function of t and e~ Jo 95 &5 i the present value factor.
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

Example:

A 5-year annuity makes continuous payments at a rate of (1000 + 50t) per year. Calculate the present value of this
annuity at a continuously varying force of interest §(t)

1
20+t
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Section 2.13: Continuously Payable Annuities With

Continuously Varying Payments

Example: A 5-year annuity makes continuous payments at a rate of (1000 + 50t) per year. Calculate the present value of this
annuity at a continuously varying force of interest §(t) = ﬁ
Solution: n .
PV = / o(t) e~ Jo 9s &5 g
Jo

By substitution, we have

5 _ [t 1
PV:/ (1000 + 50¢) e~ J0 BE * gt
0

. . I fot ok ds
The present value factor in this expression is e 20+s
The integral can be evaluated as follows:
t 1 t 20 + t
— [ ———ds=-mn@20+3)| =—[In20+¢) — In(20)] = —1n
/0 20+ s ( ) 0 { ( ) ( )] ( 20 )

The present value factor is

—1
ot 1 20+t 20 4t 1 1
o Jo s '"( 20 ) = + yl=@+=tt=@+o005t) 1= —
20 14 0.05¢

5 1 5 5 5
= PV = / (1000+-50t) ————— dt = 1000/ (1+0.05t) dt = 1000/ 1dt = 1000 t| = 1000(5—0) = 5000
0 1+ 0.05¢t 0 0 0

1+ 0.05¢t
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Section : Exercises

Section 2.22: Basic review problems: all exercises.

Section 2.24 Sample exam problems: 1,3,4,7,8,11,14,18,19,20,22,23,27,28,29.
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