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The rate of interest at which the present value of outgoing cash flows is equal to the
present value of incoming cash flows is called the yield on the investment.

Worked Example 1.

Payments are made of £100 per annum at the beginning of each year for 10 years and an
additional payment of £100 is made at an unknown time. The yield is 8% and the depositor
receives £1700 after 10 years. What is the time (measured from outset) of the additional
payment?

Solution.

Out: annuity-due of £100 p.a. and £100 at time t. In: £1700 at time t = 10. Find t.
Equation of value at outset (t = 0): 100··a10| + 100vt = 1700v10.

∴ t =
ln
(

17v10 − ··a10|

)
ln v

[
v =

1
1.08

=
1

1 + i

∣∣∣
@i=0.08

]

= 6.06 (years)
[
··a10| = 7.2469 =

1− v10

1− v

∣∣∣
@i=0.08

]
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Worked Example 2.

A loan of £2400 is to be repaid by 20 equal annual installments. The rate of interest for the
transaction is 10% per annum. Find the annual payment, assuming that payments are made (a)
in advance and (b) in arrears.

Solution.

Bank. Out £: 2400 at time t = 0. In: annuity of C per annum for 20 years (immediate annuity
when payments made in arrear and annuity-due when payments made in advance). Find C.
(a) Equation of value at t = 0: C ··a20| = 2400.

∴ C =
2400
··a20|

[
··a20| = 9.3649 =

1− v20

1− v

∣∣∣
@i=0.10

]
= 256.28

(b) Equation of value at t = 0: Ca20| = 2400.

∴ C =
2400
a20|

[
a20| = v ··a20| = 8.5136, v =

1
1.1

=
1

1 + i

∣∣∣
@i=0.10

]
= 281.90

N.B. The treatment of problems involving nominal rates of interest is always considerably
simplified by an appropriate choice of the time units. For example,

On the basis of a nominal rate of interest of 12% per annum convertible monthly, the present
value of 1 due after t years is

vt =
(

1
1 + i

)t
=

[
1

1 + i(12)

12

]12t

=

[
1

1 + 0.12
12

]12t

=
[

1
1 + 0.1

]12t

= v12t
∣∣∣
at i=0.1

Thus if we adopt one month as our time unit and use i(12)

12 = 0.01 as the effective rate of interest
per unit time, we correctly value growth of money.

To recapitulate: A nominal rate of interest i(p) convertible p times per year implies that
the capital grows at the rate i(p)

p
per one p-thly time interval (i.e. time interval of length

1
p
). The general rule to be used in conjunction with nominal rates is very simple. Choose

as the time unit the period corresponding to the frequency with which the nominal rate
is convertible and use i(p)

p
as the effective rate of interest per unit time.
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Worked Example 3.

Interest is convertible semi-annually. An investment of £100 provides a return of £215 in 151/2
years?. Find the nominal rate of interest.

Solution 1. Set (unit time) = 6 months.
Then 151/2 years equal 31 unit time peri-
ods.
Let i be the effective rate of interest per
unit time. Then we have the equation for
i: 100(1 + i)31 = 215. The effective rate
of interest per six months’ time period is
i(2)

2 , where i(2) is the nominal rate of inter-
est convertible semi-annually. Therefore,
i(2) = 2[(215

100)
1
31 − 1] = 0.05 (to 4 decimal

places); i(2) = 5%

Solution 2. Thinking of one year as unit
time period. In 151/2 years £100 will grow
to £100(1 + i)151/2 , where i is the effective
rate of interest per annum. Therefore

215 = 100(1 + i)151/2

= 100

[
1 +

i(2)

2

]31

,

by the basic relationship between the ef-
fective and nominal rates. This equation
for i(2) is identical to that obtained in So-
lution 1.

Worked Example 4.

A debt of £5,000 is to be discharged over 2 years by equal installments, each of £P , made at
3 months’ intervals, the first due now. Find P provided the interest is charged at rate 1% per
quarter. Find the equivalent effective annual rate of interest.

Solution.

Set (unit time) = 3 months. The effective rate of interest per unit time is 1%.
Equation of value at t = 0: 5000 = P ··a8|@i=0.01.

∴ P = 5000
[

1− v
1− v8

∣∣∣
@i=0.01

]
= 5000

[
1− 1

1.01

1− ( 1
1.01)8

]
= 646.98

The interest is compounded quarterly at nominal rate 4×1%=4% per annum, or [(1 + 0.01)4 −
1]× 100%=4.06% per annum effectively.

3



Worked Example 5.

A vacuum cleaner can be purchased for £159.99 cash, or, equivalently by paying £20 down and
then a certain amount P at the end of month over one year. Find the monthly payment if the
rate of the interest charged is 24% nominal. Find the APR on this transaction.

Solution.

Set (unit time) = one month. Then the rate of interest per unit time is i(12)

12 = 0.24
12 = 0.02.

Equation of value at t = 0: 159 = 20 + Pa12|@i=0.02.

∴ P =
159− 20
a12|@i=0.02

= 139
[

1− v
v(1− v12)

∣∣∣
@i=0.02

]
= 139

[
0.02

1− ( 1
1.02)12

]
= 13.14

The interest is compounded monthly at nominal rate 24% per annum, or [(1 + 0.02)12 − 1] ×
100%=26.82% per annum effectively. Therefore the APR is 26.82%.
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