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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Simple interest

Under simple interest:

» the interest paid over certain period of time is proportional to
the length of this period of time and the principal.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Simple interest

Under simple interest:

» the interest paid over certain period of time is proportional to
the length of this period of time and the principal.

» if / is the effective annual rate of simple interest, the amount
of interest earned by a deposit of k held for t years is kit. The
balance at time t years is k + kit = k(1 + it).
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Simple interest

Under simple interest:

» the interest paid over certain period of time is proportional to
the length of this period of time and the principal.

» if / is the effective annual rate of simple interest, the amount
of interest earned by a deposit of k held for t years is kit. The
balance at time t years is k + kit = k(1 + it).

> interest is found using the principal not the earned interest.
To find the earned interest, we need to know the amount of
principal, not the balance.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Simple interest

Under simple interest:

» the interest paid over certain period of time is proportional to
the length of this period of time and the principal.

» if / is the effective annual rate of simple interest, the amount
of interest earned by a deposit of k held for t years is kit. The
balance at time t years is k + kit = k(1 + it).

> interest is found using the principal not the earned interest.
To find the earned interest, we need to know the amount of
principal, not the balance.

» balances under simple interest follow the proportionality rule
and rule about the addition of several deposits/withdrawals.
However, the rule " grows—depends—on—balance” does not
hold.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Suppose that an account earns simple interest with annual
effective rate of i.

» If an investment of 1 is made at time zero, then the balance
in this account at time t years is a(t) =1+ it .
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Suppose that an account earns simple interest with annual
effective rate of i.

» If an investment of 1 is made at time zero, then the balance
in this account at time t years is a(t) =1+ it .

» If an investment of k is made at time zero, then the balance
in this account at time ¢ years is k(1 + it).
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Suppose that an account earns simple interest with annual
effective rate of i.

» If an investment of 1 is made at time zero, then the balance
in this account at time t years is a(t) =1+ it .

» If an investment of k is made at time zero, then the balance
in this account at time ¢ years is k(1 + it).

» If an investment of k is made at time s years, then the
balance in this account at time t years, t > s, is
k(1+i(t —s)). Notice that the investment is held for t — s
years, and the earned interest is ki(t — s).
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Notice that the amount k(l +i(t —s)) is not /;a((st)) = k((llj,;t))

Making an investment of @ 2t time zero, we have a balance of

1+ s)
(1+/s)(1 + is) = k at time s. Making an investment of (1+/s) at
time zero, we have a balance of (1+/s)( + it) at time t. This is
not the balance at time t years in an account with an investment
of k made at time s years.

» Making an investment of ﬁ at time zero, we have a

balance of (1+/s)(1 + is) = k at time s. But since interest
does not earn mterest the amount of interest earned in the
period [s, t] is (1+ AL i(t —s). Hence, the balance at time t is

k. k(L +is) + ki(t —s) k(1 +it)
Kt 9= (1+is) Tt

» Making an investment of k at time s years, we have a balance
of k(1+i(t—s)) at time t.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Present value for simple interest

» A deposit of kK made at time s has a future value of
k(1+i(t —s)) at time ¢, if t > s.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Present value for simple interest

» A deposit of kK made at time s has a future value of
k(1+i(t —s)) at time ¢, if t > s.

» To get a balance of k time s, we need to make a deposit of
1 . .
km at time ft, if t < S.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Present value for simple interest

Theorem 1
If deposits/withdrawals are make according with the table,

Deposits‘ G G - G
Time |t t - t,

where 0 < t; < tp < --- < t, to an account earning simple interest
with annual effective rate of i, then the balance at time t years,
where t > t,, Is given by

B = Zc 1+i(t — ) Zc +ch

j=1
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Chapter 1. Basic Interest Theory.

Section 1.2. Simple interest.

Proof.
Time | Deposit/withdr. Principal Amount of interest
at that time after the deposit earned up
to that time
t1 G G 0
[59) C2 C1 + C2 C1i(t2 — tl)
3 2 ;
t3 G > =1 G > i=1 Gi(ts — 1))
k .
tk Ck Zj:l G Zj:l Gi(te — )
th Cn Zf:l CJ Zjn;ll C:ii(tn - tj)
t 0 21 G 21 Gi(t — )
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

The amount of interest earned up to time t3 is

Gi(, —t1) + (G + Q)i(ts — ) = Gri(ts — t1) + Gi(ts — t2)

2
= Gilts —t)).
j=1

The amount of interest earned up to time tj is the amount of
interest earned up to time t,_q plus the amount of interest earned
in the period [tx_1, tx], which is

k—2 k—1
Z le'(tk,1 — tj) + Z C:,'i(tk — tk—1)
Jj=1 Jj=1
k—1 k—1

=) Gi(ter — ) + Y Gilte — ti1)
Jj=1 Jj=1

k—1
=3 Gilt— 1),
j=1

(©2009. Miguel A. Arcones. All rights reserved. Manual for SOA Exam FM/CAS Exam 2.



Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Theorem 2
If deposits/withdrawals are make according with the table,

Deposits‘ G G - G,
Time |ty tp - ty

where 0 < t; < tp < --- < t, to an account earning simple interest
and the balance at time t years, where t > t,, is B, then the
annual effective rate of i

B-371G
21 Gt — 1)

| =

Proof. Solving for iin B =3 ", Gi+ 3 7_; Gi(t —t;), we get the
value of /.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

In the formula, .
B->/16G
i Gt =)’

B — -7, Gj is the total amount of interest earned,

>_i—1 Gj(t — t;) is the sum of the balances times the amount

balances are in the account.

| =
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Example 3

Jeremy invests $1000 into a bank account which pays simple
interest with an annual rate of 7%. Nine months later, Jeremy
withdraws $600 from the account. Find the balance in Jeremy's
account one year after the first deposit was made.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Example 3

Jeremy invests $1000 into a bank account which pays simple
interest with an annual rate of 7%. Nine months later, Jeremy
withdraws $600 from the account. Find the balance in Jeremy's
account one year after the first deposit was made.

Solution: The cashflow of deposits is

deposit /withdrawal | 1000 —600
Time (inyears) | 0  0.75

The balance one year after the first deposit was made is

zn: G +i(t—t))
j=1

=(1000)(1 + (1 — 0)(0.07)) 4 (—600)(1 + (1 — 0.75)(0.07))
—459.5.
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Chapter 1. Basic Interest Theory.

Section 1.2. Simple interest.

Time Deposit Principal Amount
made | after deposit of interest

at this time earned in

the last period

0 1000 1000 0
0.75 —600 400 | (1000)(0.07)(0.75) =52.5
1 0 400 | (400)(0.07)(1 —0.75) =7

The balance one year after the first deposit was made is
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400 + 52.5 + 7 = 459.5.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Example 4

On September 1, 2006, John invested $25000 into a bank account
which pays simple interest. On March 1, 2007, John's wife made a
withdrawal of 5000. The accumulated value of the bank account
on July 1, 2007 was $20575. Calculate the annual effective rate of

interest earned by this account.
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Chapter 1. Basic Interest Theory. Section 1.2. Simple interest.

Example 4

On September 1, 2006, John invested $25000 into a bank account
which pays simple interest. On March 1, 2007, John's wife made a
withdrawal of 5000. The accumulated value of the bank account
on July 1, 2007 was $20575. Calculate the annual effective rate of
interest earned by this account.

Solution Let September 1, 2006 be time O Then, March 1, 2007

is time 12 years; and July 1, 2007 is t|me years The annual
effective rate of interest earned by this account is

21 G 20575 — 25000 + 5000

i = =

> Gt —1t) 25000 (1) — 5000 (18 - 5)

575 ¢
~10166.66667 "
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