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Warm Up

Simplify.

1. log10*® X

2. log,b*" 3w

3. 10097 z

4. p'ogpx -1 x-1

1 xX=-2

N 3

° (3]
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@ The Natural Base, e

Recall the compound interest formula A = P(1 + &)™,
where A is the amount, P is the principal, ris the
annual interest, n is the number of times the interest is
compounded per year and t is the time in years.

Suppose that $1 is invested at 100% interest
(r = 1) compounded n times for one year as
represented by the function f(n) = P(1 +-%)".
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@ The Natural Base, e

As n gets very large, interest
is continuously compounded.
Examine the graph of f(n)=
(1 +-%)7. The function has a
horizontal asymptote. As n
becomes infinitely large, the
value of the function

e pproximately TTT1TTT11
182818... i mber is 0 A ' é ' 1'2'
—called e. Like =, the constant e

is an irrational number.
\

II'::3
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Exponential functions with e
as a base have the same
properties as the functions
you have studied. The graph
of f(x) = eXis like other
graphs of exponential
functions, such as f(x) = 3%

The domain ois all

real numbers. The range is

{rly > 03 ) (o)
R (0,%) H[_\;\/:D
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@ The Natural Base, e

The decimal value of e looks like it repeats:
2.718281828... The value is actually
2.71828182890... There is no repeating portion.
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@ The Natural Base, e

Example 1: Graphing Exponential Functions

Graph f(x) = ex2 + 1.

=2

/
/
/

Make a table. Because e is
irrational, the table values are
rounded to the nearest tenth. - u

-2(-1/0|1|2]|3|4
10(10|11(14| 2 |3.7|84
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@ The Natural Base, e

Check It Out! Example 1

Graph f(x) = eXx— 3. L
Make a table. Because e is / X
irrational, the table values are S Y
rounded to the nearest tenth. ;
X -4 3 | 2 |-1]0 1 2
fx)=ex —3 | -3 -3 |-29|-27| -2 |-03]| 44
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s foga
A logarithm with a base of e is called a natural
logarithm and is abbreviated as “In” (rather

than as log,). Natural Togarithms have the same
properties as log base 10 and logarithms with

other bases.

The natural logarithmic
function(f(x) = In x)is the
inverse of the natural
exponential fungtion

f(x) = e~ $ (O \&\
R (o0,%)
VA X=0
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@ The Natural Base, e

The domain of f(x) = In x is {x|x > 0}.

The range of f(x) = In x is all real numbers.

All of the properties of
logarithms from Lesson
4-3 also apply to
natural logarithms.
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Example 2: Simplifying Expression with e or In
Simplify.
A. In g0-15¢ B. e8ln(x+1)
( eO’lSt M;{H ); 2
09 =0 15¢ e _—(X*!)
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@ The Natural Base, e

Check It Out! Example 2

Simplify.
a.Ine3? b. e2inx
In e32 = 3.2 e2lnx = x2
c. In ex+4

Inex+4% =x + 4y
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@ The Natural Base, e

The formula for continuously compounded
interest is where A is the total amount,

P is the principal, r is the annual interest rate,
and t is the time in years.
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@ The Natural Base, e

Example 3: Economics Application

What is the total amount for an investment
of $500 invested at 5.25% for 40 years and
compounded continuously?

— part
A = Pe 00625‘40

\
Y,
A~ Pe
f\-? B00e0-0525(40) Substitute SOéqTor 15 OgZS %)rjg
) ‘R and 40 for t. .
]\;zz 4%;%%8 ~ 9.0 @%the e* keyéL a ® abE3. Bo495e

- calculator.

- C
‘ 'I:Fe t‘o(gal amount is $4083.08.
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@ The Natural Base, e

Check It Out! Example 3

What is the total amount for an investment
of $100 invested at 3.5% for 8 years and
compounded continuously?

A = Pe't

A = 100e0-035(8) Substitute 100 for P, 0.035 for r,
and 8 for t.

A= 132.31 Use the e¥key on a 9% 1287318405
calculator.

The total amount is $132.31.
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@ The Natural Base, e

The half-life of a substance is the time it takes for
half of the substance to breakdown or convert to
another substance during the process of decay.

Natural decay is modeled by the function below.
/\ _ Péf); a%fa'fow’th
N, is the initial amourgiz 0).
G
N(t)= N e@/ ey

7 ™\

N(t)is the amount remaining. tis the time.

k is the decay constant.
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@ The Natural Base, e

Example 4: Science Appllc@%n

N(L)
Pluonium-239 (Pu-239) has a half life of
24,110 years. How long does it take fora 1 g

sample of Pu-239 to decay to 0.1 g?
No=15 " [When ¢ 24110 yps, Nlt>= 0,55 ]

Fmoq\-&(zq oY) /Q/Yl 061% C—ZLI”DK

_ 2&(\IOK

F
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@ The Natural Base, e

N(E)= Npe ™ °

-0.000287T

O' J - 6_0'0000237t

- D. 0000227
L 0-1= Lo e
/QJY\Ob\ =7 0-06001%7(
00000 7 —
el - 5.0000¢E7
-0. < _
’t’, gO?Zq'qS %/Qiri
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@ The Natural Base, e

Check It Out! Example 4

Determine how long it will take for 650 mg of a
sample of chromium-51 which has a half-life of
about 28 days to decay to 200 mg.

Step 1 Find the decay constant for Chromium-51.

N(t) = Noe"“ Use the natural decay function. t.
1 = qeke®) Substitute 1 for N, ,28 for t, and 35— for
N(t) because half of the initial quantity
will remain.
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@ The Natural Base, e

Check It Out! Example 4 Continued

In %— = In ™28 Simplify and take In of both sides.
In 21 = 28k Write 4- as 2 *, and simplify the
right side.
-In 2 = -28k IN2t=-1ln2= —-In2.

k=12 ~0.0247
28
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Check It Out! Example 4 Continued
Step 2 Write the decay function and solve for t.

N(t) = Noe-0-0247t Substitute 0.0247 for k.
200 = 650e-0-0247t Substitute 650 for N, and 200 for
N(t).
In-200_ _ | g0.0247t Take In of both sides.
650
200 _ _ Simplify.
In 650 0.0247t plify
200
In
650
= o027 = 477

It takes approximately 47.7 days to decay.
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