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Abstract

In this handout, exponential and logarithmic functions are first de-

fined. Then, their properties are studied. The student then learns how to

solve equations involving exponential and logarithmic functions. Finally,

some applications are looked at.

1 Exponential Functions

1.1 Definitions - Examples

Definition 1 (Exponential Function) 1. An exponential function is a func-
tion of the form y = f (x) = bx.

2. b is called the base of the exponential. It will always be strictly positive,
not equal to 1.

3. x, the independent variable, is called the exponent.

Remark 2 At first, this function may look similar to functions of the type x2,
x3, ... xn. However, there is a major difference. In terms of the form xn, the
variable is the base, the exponent is a constant. For an exponential function,
the exponent contains the variable and the base is constant.

1.2 Properties of Exponential Functions

Example 3 First, we look at the graph of exponential functions f (x) = bx in
the case b > 1. The graphs below are those of 2x, 3x and 10x.
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Graphs of 2x, 3x, and 10x

The graph of 2x is in black. It is the furthest away from the y-axis, the graph of
10x is in red. It is the closest. The three graphs are similar in the sense that for
negative values of x, the graph is very close to the x-axis. For positive values
of x, the graph rises very quickly. The larger the base is, the quicker the graph
rises. It turns out that every exponential function bx for which b > 1 behaves
this way.

Example 4 Next, we look at f (x) = bx in the case 0 < b < 1. The graphs

shown below are those of

(
1

2

)x

,

(
1

3

)x

and

(
1

10

)x

.
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Graphs of

(
1

2

)x

,

(
1

3

)x

and

(
1

10

)x

The graph of

(
1

2

)x

is in black. It is the furthest away from the y-axis, the graph

of

(
1

10

)x

is in red. It is the closest. The three graphs are similar in the sense

that for negative values of x, the graph is decreasing very quickly. For positive
values of x, the graph is very close to the x-axis. The larger the base is, the
quicker the graph decreases. It turns out that every exponential function bx for
which 0 < b < 1 behaves this way.

The observations above are summarized in the two cases below.

1.2.1 Case 1: 0 < b < 1

• The graph of an exponential function bx in this case will always look like:
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Looking at the graph, we note the following:

• The graph is falling (decreasing). The smaller b, the faster it falls. This
means the function is decreasing.

• The function is one-to-one, hence it has an inverse.

• The graph is always above the x-axis. This means that bx > 0 no matter
what x is.

• bx is always defined, in other words, its domain is (−∞,∞), its range is
(0,∞)

• bx → 0 as x → ∞, bx → ∞ as x → −∞
• The x-axis is a horizontal asymptote.

1.2.2 Case 2: b > 1

• The graph of an exponential function bx in this case will always look like:
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Looking at the graph, we note the following:

• The graph is rising. The larger b, the faster it rises. This means the
function is increasing.

• The function is one-to-one, hence it has an inverse.

• The graph is always above the x-axis. This means that bx > 0 no matter
what x is.

• bx is always defined, in other words, its domain is (−∞,∞), its range is
(0,∞)

• bx → ∞ as x → ∞, bx → 0 as x → −∞
• The x-axis is a horizontal asymptote.

1.2.3 General Case

Often, especially in application, one does not work with just bx. The functions
used will be of the form α + β (bx) where α and β are real numbers. The
student should be able to see that α+β (bx) can be obtained from bx by vertical
shifting and stretching or shrinking. If necessary, the student may want to
review ”transformation of functions”. We illustrate this with a few examples.

Example 5 Sketch the graph of y = −2x.
First, it is important to understand the notation. −2x means − (2x), not (−2)x.
The graph of −2x is simply obtained by reflecting the graph of 2x across the x-
axis (because the transformation y → −y is used to go from y = 2x to y = −2x).
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The graph below shows both 2x (in blue) and −2x (in red).

Example 6 Sketch the graph of y = 1− 2 (3x).
Here, we obtain the graph of 1−2 (3x) by first stretching 3x vertically, this gives
us 2 (3x). We then reflect the result across the x-axis to obtain −2 (3x). Finally,
we shift the result 1 unit up to obtain 1− 2 (3x). The graph below shows both 3x

(in blue) and 1− 2 (3x) (in red).
3x
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1.2.4 Exponential Functions v.s. Power Functions

Recall an exponential function is of the form bx (the exponent is the variable).
A power function is of the form xn (the base is the variable). The question is to
know which of the two grows faster. The answer is that exponential functions
(no matter what their base is) always grow faster than power functions (no
matter what their exponent is). It is possible that the power function may grow
faster at the beginning (for small values of x). However, the exponential will
eventually catch up with it. Consider the exponential function 2x. This is not a
fast growing exponential since its base is small. We will compare it with various
power functions: x2and x10. The first graph shows the exponential function in
black, x2 in blue and x10 in red graphed when x ∈ [0, 2]. Looking at the graph,
it seems that the exponential function is the one which grows the slowest. Look
in particular how quickly x10grows.
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The next graph shows the same functions, in the same colors. However, we have
increased the size of the x-interval. The x-interval is now [0, 60]. The function
x2 cannot even be seen, its values are too small. We see that 2x (in black)
catches up with x10 between x = 50 and x = 60. It is clear then that the rate
of growth of 2x is greater that the rate of growth of x10 when x is sufficiently
large.
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1.2.5 The number e

Recall that an exponential function is a function of the form f (x) = bx. The
number b is called the base of the exponential. Hence, there is an exponen-
tial function for each value of b, that is an infinite number. However, some
exponential functions are more important than others.

Definition 7 The number e is the number whose approximate value is: e =
2.718281828459045235... e is an irrational number. The exponential function
base e is called the natural exponential function.

This number is an irrational number. This means that the number of digits it
has after the decimal point is infinite and these digits do not follow any pattern.
Another such number is π.

Exponential functions having e as base are very important in mathematics.
If you have a scientific calculator, there should be a key for it.

Remark 8 You may ask yourself how somebody came up with this value for e.
The above definition is not the exact definition of e. Its exact definition will be
given in Calculus. We will mention it here. e is the number one obtains when

we let n approach ∞ in the expression

(
1 +

1

n

)n

. Using a table of values, one

can verify that as n gets larger,

(
1 +

1

n

)n

approaches e = 2.718281828...

n

(
1 +

1

n

)n

10 2.5937
100 2.7048
1000 2.7169
10000 2.7181

1000000 2.7183

1.2.6 Laws of exponents

Let b be a number such that b > 0 and b �= 1. Then the following properties are
true:

1. b0 = 1 (i.e. the y-intercept of bx is always (0, 1))

2. bmbn = bm+n

3. b−n =
1

bn

4.
bm

bn
= bm−n
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5. (bm)n = bmn

6. b
1

n = n

√
b

7. (bc)n = bncn

2 Logarithmic Functions

2.1 Definition - Examples.

Definition 9 (Logarithmic Functions) The logarithmic function base b, de-
noted logb x is the inverse of bx. Therefore, we have the following relation:

y = logb x ⇔ x = by

Definition 10 (Natural Logarithmic Function) The natural logarithmic func-
tion, denoted lnx is the inverse of ex. Therefore, we have the following relation:

y = lnx ⇔ x = ey

You should be able to switch back and forth between the exponential function
and the corresponding logarithm.

Example 11 y = log2 8 ⇔ 8 = 2y

Example 12 y = ln 5 ⇔ 5 = ey

Example 13 3 = lnx ⇔ x = e3

This definition does not help us in evaluating this function however. For
example, if we wanted to find ln 4, then we would say ln 4 is the number y such
that 4 = ey (the definition says that y = ln 4 ⇔ 4 = ey). However, we still do
not know which number y will be such that ey = 4. However, in some instances,
it is possible to evaluate ”by hand” this function. Consider the few examples
below.

Example 14 Evaluate ln e
We are looking for the number y such that y = ln e. If we switch to exponentials,
we get that e = ey Since e is the same as e1, we have that e1 = ey. Therefore
y = 1. Hence, ln e = 1

Example 15 Evaluate ln 1
Similarly, we want y such that y = ln 1 ⇔ 1 = ey. But, we know that e0 = 1,
so y = 0. Thus, ln 1 = 0

The graph of the natural logarithm function is given below
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2.2 Properties

For the sake of simplicity, we only consider the properties of lnx. Similar prop-
erties hold for logb x. Looking at the graph, we see several important things

• lnx < 0 for x < 1, lnx > 0 for x > 1

• lnx is increasing and concave down, which means it increases slower and
slower.

• lnx is only defined for strictly positive values of x.

• Since lnx and ex are inverse of each other, the domain of lnx is the range
of ex that is (0,∞). Also, the range of lnx is the domain of ex that is
(−∞,∞).

In addition, lnx satisfies several very important properties:

1. ln 1 = 0

2. ln e = 1

3. ln (ex) = x

4. elnx = x

5. ln (ab) = ln a+ ln b
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6. ln
a

b
= ln a− ln b

7. ln ar = r ln a

One important application of these properties is in solving equations involv-
ing exponential and logarithm functions.

2.3 Two Important Relations

The exponential function of any base can be expressed in terms of the natural
exponential. The same is true for the logarithmic functions. Since a = eln a,using
the properties of exponentials, it follows that

ax =
(
eln a

)x
= ex ln a

Thus, we have proven that

ax = ex ln a

We now wish to derive a similar relation for logb x. Let y = logb x. Then,

y = logb x ⇔ x = by

⇔ x = ey ln b

⇔ lnx = y ln b

⇔ y =
lnx

ln b

Since y = y = logb x, we have proven the following relation:

logb x =
lnx

ln b

2.4 Solving Equations Involving Exponential and Loga-

rithm Functions

2.4.1 Equations with Exponential Functions

We show how to solve such equations by looking at examples. We will summarize
our findings by giving an outline of the methods to follow.

Example 16 Solve ex = 5
We use the fact that if two quantities are equal, the logarithm of these quantities
will also be equal. Thus if ex = 5 then ln ex = ln 5. Using property 3, ln ex = x

so our equation becomes x = ln 5, which is the solution. Or, to review the steps:

ex = 5

ln ex = ln 5

x = ln 5

x ≈ 1.609
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Example 17 Solve 3t = 10
We use a similar procedure.

3t = 10

ln 3t = ln 10

t ln 3 = ln 10 (using prop. 7)

t =
ln 10

ln 3
t ≈ 2.096

Example 18 Solve 6e4t = 12
First, we want to isolate the exponential function to have something similar to
the previous two examples, then we will know how to solve. Here are the steps

6e4t = 12

e4t =
12

6

e4t = 2

ln e4t = ln 2

4t = ln 2

t =
ln 2

4
t ≈ .1733

The procedure we followed can be summarized as follows:

Proposition 19 To solve an equation involving an exponential function, follow
the steps below:

1. Isolate the exponential function

2. Take the log on both sides, simplify using the properties of lnx, in partic-
ular property 7.

3. Finish solving for the variable.

2.4.2 Equations with Logarithmic Functions

The method is similar, simply switch the words exponential and logarithm in
the above proposition. In other words, the procedure to use can be summarized
as follows:

Proposition 20 To solve an equation involving a logarithm function, follow
the steps below:

1. Isolate the logarithm function
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2. Take the exponential on both sides, simplify using the properties of ex , in
particular, use the fact that eln x = x

3. Finish solving for the variable.

4. Check the solution for validity.

Example 21 Solve 3 + 2 lnx = 9

3 + 2 lnx = 9

2 lnx = 6

lnx = 3

elnx = e3

x = e6

x = 403.43

3 Applications

3.1 Compound Interest

3.1.1 General Principles

The formula which gives the balance of an investment involves an exponential
function.

1. If the rate is compounded a finite number of times a year, we have

B = P
(
1 +

r

n

)nt

where:

• P is the initial investment

• B is the balance

• r is the rate (use .05 for 5%)

• n is the number of times the rate is compounded per year. 1 if the
rate is compounded yearly, 12 for monthly, 365 for daily, ...

• t is the number of years the money is invested.

2. If the rate is compounded continuously (an infinite amount of times per
year), then

B = Pert
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3.1.2 Direct Applications of the Formulas

In this type of applications, we are given everything except the balance, the goal
of the problem is to find the balance.

Example 22 What will be the balance after 10 years if $5000 is invested at 6%
when the rate is compounded yearly, monthly, daily, continuously?

• Yearly: P = 5000, n = 1, r = .06, t = 10, so,

B = 5000

(
1 +

.06

1

)10

= 8954.12

• Monthly: n = 12, so

B = 5000

(
1 +

.06

12

)12∗10

= 9097

• Daily: n = 365, so

B = 5000

(
1 +

.06

365

)365∗10

= 9110.2

• Continuously: Here, we use a different formula.

B = 5000e.06∗10

= 9110.6

3.1.3 Indirect Applications.

In this type of applications, we either have to find the rate, or the length of the
investment t. This time, we have to solve an equation involving an exponential
function. We illustrate this with a few examples. But first, we state a definition.

Definition 23 (Doubling time) The doubling time of a quantity is the time
it takes the quantity to double.

Example 24 Find the doubling time when $5000 are invested at 5% and the
rate is compounded Monthly. Would the answer have been different if the initial
amount had been different?
We want to know how long it will take for the balance to be $10000. Since the
rate is compounded monthly, n = 12. Thus, we have:

10000 = 5000

(
1 +

0.05

12

)12t
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We need to find t. This is simply an equation involving an exponential function,
we know how to solve it. The steps are outlined below.

10000 = 5000

(
1 +

0.05

12

)12t

2 =

(
1 +

0.05

12

)12t

ln 2 = ln

((
1 +

0.05

12

)12t
)

ln 2 = 12t ln

(
1 +

0.05

12

)

t =
ln 2

12 ln

(
1 +

0.05

12

)
t ≈ 13.892 years

The answer would have been the same with a different initial amount. If the
initial amount is P , then we want to find t such that B = 2P . Thus, we need
to solve for t in the equation

2P = P

(
1 +

0.05

12

)12t

2 =

(
1 +

0.05

12

)12t

This is exactly the equation we had above. Its solution was t ≈ 13.892 years

Example 25 Find the doubling time of an investment if the rate is compounded
continuously and is 5%.
Here, the equation giving the balance after t years is

B = Pe.05t

We need to find t such that B = 2P . Thus, we need to solve

2P = Pe0.05t

2 = e0.05t

ln 2 = 0.05t ln e

t =
ln 2

0.05
t ≈ 13.83 years

Thus, once again we see that the doubling time does not depend on the initial
amount.
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Remark 26 The doubling time does not depend on the initial amount. It only
depends on the rate, and the method use to compound the rate.

Example 27 At what rate should $10000 be invested if we want this investment
to grow to $100000 in 15 years knowing that the rate is compounded continu-
ously?
This time, we are given everything except the rate r. Since the rate is com-
pounded continuously, the balance is given by the formula

B = Pert

In the case of the problem, B = 10000, P = 100000, and t = 15. Thus we need
to solve

100000 = 10000e15r

10 = e15r

ln 10 = ln e15r

ln 10 = 15r ln e

ln 10 = 15r

r =
ln 10

15
r ≈ 0.15351

Inother words, the rate is 15.351%

Example 28 Find the doubling time of an investment at 8% compounded monthly.

Let P (t) denote the balance after t years. Then, P (t) = P (0)

(
1 +

.08

12

)12t

.

The doubling time is the time it will take the initial investment to double, that
is the value of t for which P (t) = 2P (0). To find it, we solve

2P (0) = P (0)

(
1 +

.08

12

)12t

2 =

(
1 +

.08

12

)12t

ln 2 = ln

(
1 +

.08

12

)12t

ln 2 = 12t ln

(
1 +

.08

12

)

t =
ln 2

12 ln

(
1 +

.08

12

)
t ≈ 8.69 years
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3.2 Exponential Growth and Decay

3.2.1 General Principles

Let P (t) represent the amount of a certain quantity P as a function of time t in
years. Let us assume that P grows yearly by a constant factor we will denote k.
This is the case for example if P grows by a certain percentage every year. This
means that P (1) = kP (0), P (2) = kP (1), P (3) = kP (2), ... Can we express
P as a function of t? The answer is yes. We do it as follows.

P (1) = kP (0)

P (2) = kP (1) = k (kP (0)) = k2P (0)

P (3) = kP (2) = k
(
k2P (0)

)
= k3P (0)

...

P (t) = ktP (0)

In this type of problems, we usually denote P (0) by P0; it is called the initial
quantity. Thus, we have the relation

P (t) = P0k
t

This is an exponential function multiplied by a constant P0. Remembering that
k = eln k, we have

P (t) = P0

(
eln k

)t
P (t) = P0e

t ln k

Letting r = ln k, we obtain:
P (t) = P0e

rt

Definition 29 (Exponential growth or decay) Let P (t) represent a cer-
tain quantity which varies as a function of t, let P0 denote the initial (at time
t = 0) quantity. If P (t) varies at a rate proportional to P , say the relative
growth rate of P is r, then P can be expressed as a function of t by

P (t) = P0e
rt

When P satisfies such an equation, we say that P grows (or decays) exponen-
tially. r is called the relative rate of growth.

Remark 30 In the above equation, P grows when r > 0 and decays when r < 0.

Remark 31 In the above equation, P0 is the value P has at time 0. t represents
the number of years after what is considered time 0. For example, if we study
some quantity P , and we are given its initial value P0 in 1975. Then, 1975 is
considered time 0. t then represents the number of years after 1975.
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Remark 32 The units for t can be determined from the problem For example
if the rate of decay is a daily rate, then t is in days. If it is a yearly rate, then
t is in years.

Example 33 In 1995, the world’s population was 5.7 billion and was growing
at a relative rate of 2%. Find the population of the world in the year 2020.
The starting point in time of our study is 1995. Thus, 1995 is considered time
0. Therefore, P0 = 5.7. t then represents the number of years after 1995. Let
P (t) denote the population of the earth after 1995. Then,

P (t) = 5.7e.02t

In the year 2020, t = 25 therefore the population will be

P (25) = 5.7e.02×25

≈ 9.4 billion

You will recall that the doubling time is the time it takes the quantity
to double that is the value of t for which P (t) = 2P0. Therefore, to find the
doubling time of a quantity growing exponentially, we need to solve the equation

2P0 = P0e
rt

2 = ert

ln 2 = ln
(
ert

)
ln 2 = rt ln e

t =
ln 2

r

Definition 34 (Half life) The half life of a quantity which decays exponen-
tially is the time it takes the quantity to be reduced by half.

The general formula of a quantity which decays exponentially is P (t) =
P0e

rt. The half life is the time it takes the quantity to be reduced by half that

is the value T of t for which P (t) =
1

2
P0. Therefore, to find the half time, we

need to solve the equation

1

2
P0 = P0e

rT

1

2
= erT

ln
1

2
= ln

(
erT

)
ln 1− ln 2 = rT ln e

− ln 2 = rT

T =
− ln 2

r

It seems that because of the minus sign the value of twill be negative. However,
since the quantity is decaying. r < 0, and therefore t > 0.
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3.2.2 Direct Applications of the Formulas

In these applications, we apply the formulas to find P for a certain value of t,
given r and P0.

Example 35 What will be the population of Mexico in the year 2020 if it was
67.38 million in 1980, and growing at a relative rate of 2.567% per year.
Time 0 is 1980. P0 = 67.38 and r = .02567. The equation for P (t) is

P (t) = 67.38e.02567t

In 2020, t = 2020 − 1980 = 40. The population will then be P (40) = 188.13
million.

Example 36 A certain substance decays at a daily relative rate of .495%. The
initial amount of the quantity is 300 mg. Express the quantity as a function of
time (in days) and find how much of the quantity will be left after one year.
Let m (t) represent the amount of the quantity at time t. Because the relative
decay rate is a daily rate, the units of t are days. Here, r = −.00495 (this is a
decay, not a growth) and m0 = 300. Thus,

m (t) = 300e−.00495t

After a year (365 days), the amount of the quantity left is

m (365) = 49.256 mg.

3.2.3 More Challenging Applications

We illustrate the various applications with examples.

Example 37 Find the doubling time of the population of Mexico if the popula-
tion of Mexico is given by P (t) = 67.38e.02567t

To find the doubling time, we solve

2× 67.38 = 67.38
(
e.02567t

)
2 = e.02567t

ln 2 = ln
(
e.02567t

)
ln 2 = .02567t ln (e)

t =
ln 2

.02567
t ≈ 27

Every 27 years, the population of Mexico will double.

Note: In this example, we had to solve an equation involving an exponential
function.
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Example 38 Cobalt-60 is a radioactive substance that is used extensively in
medical radiology. It has a half-life of 5.3 years. Suppose that an initial sample
of cobalt-60 has a mass of 100 grams. Find the relative decay rate and determine
an expression for the amount of the sample that will remain after t years. Use
your expression to find how long it will take for 90% of the substance to decay.
We saw earlier that the halt life was given by

T =
− ln 2

r

Thus, we have

5.3 =
− ln 2

r

r =
− ln 2

5.3
r = −0.131

If we denote by m (t) the amount of cobalt-60 at time t (in years), then we have

m (t) = 100e−0.131t

If 90% of the substance decays, then 10% or 10 g is left. To find how long it
takes, we solve

10 = 100e−0.131t

.1 = e−0.131t

ln .1 = −0.131t

t =
ln .1

−0.131
t ≈ 17.6 years

Example 39 The world population in 1980 (initial time) was 4.5 billion, and
in 1990 was 5.3 billion. Let P (t) be the population of the world as a function of
t (in years). Express P as a function of t, assuming that the population grows
exponentially. Use your formula to find how long it will take the population of
the world to reach 9 billion.
Since time 0 is 1980, we have that P0 = 4.5. The general equation for P (t) is

P (t) = P0e
rt

= 4.5ert

The problem is that we are not given r. However, we can find it by using the
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data. Since in 1990 (t = 10) the population is 5.3 billion, we have that

5.3 = P (10) = 4.5e10r

5.3

4.5
= e10r

ln
5.3

4.5
= 10r

r =
ln 5.3− ln 4.5

10
r ≈ .0164

It follows that
P (t) = 4.5e.0164t

To find how long it will take for the population to reach 9 billion, we solve

9 = 4.5e.0164t

2 = e.0164t

ln 2 = .0164t

t =
ln 2

.0164
t ≈ 42.27

That is in the year 2022 since t is the number of years after 1980.

4 Sample problems

You should be able to do the problems from your book listed below. In addition,
be able to do problems similar to the ones below:

1. Which of the given rate and compounding periods provide the best invest-
ment

(a) 9.25 % compounded twice a year

(b) 9 % compounded continuously

2. If $3 000 is invested at 9% per year, find the amount of the investment
after 5 years for each of the following compounding methods

(a) Annual

(b) Monthly

(c) Daily

(d) Weekly

(e) Continuously
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3. Use the properties of logarithms to rewrite the expressions below in a form
with no logarithm of a product, quotient or power.

(a) ln
ab

c

(b) ln
√
ab

(c) ln
a2b√
c

(d) ln
√
x2 + y2

(e) lnxxx

4. Write each expression below as a single logarithm.

(a) 5 lnA− 4 lnB

(b)
1

2
lnA+ 2 lnB − 3 lnC

(c)
1

2
ln (A+B)− lnC

5. Solve for x in each equation below, give answers four digits after the
decimal point.

(a) 3x = 5

(b) 32x+5 = 10

(c) 5

2ex
= 3

(d) 4 + 35x = 8

(e) e3−5x = 16

(f) ln (3x+ 5) = 2

(g) 2− ln (3− x) = 0

(h) 2B = Be.05t

6. Find the x-intercepts of the function y = 2 lnx− 4

7. Find the y-intercept of the function f (x) = 2− 5 (3x)

8. The doubling time of an investment is the time it takes the investment
to double its value. Find the doubling time of the investment in each
situation below. What can you conclude?

(a) $5000 at 8% compounded continuously

(b) $8000 at 8% compounded continuously

(c) $10000 at 8% compounded continuously

9. From your book
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(a) On exponential functions(4.2): # 1, 3, 5, 7, 9, 11, 17, 27, 29, 56, 57,
on pp 352, 353

(b) On logarithmic functions(4.3): # 9, 13, 15, 23, 35, 39, 43, 45, 47, 55,
61, 63, 75, 77 on pp 369, 370

(c) On the properties of logarithmic functions(4.4): # 1, 3, 9, 11, 17, 23,
25, 31, 35, 37, 45, 49, 51, 59, 61 on p 378-380

(d) On solving equations with exponential and logarithms (4.5): # 1, 5,
7, 17, 19, 27, 31, 35, 37, 39, 68, 69 on p 389, 390

(e) On applications (4.6): # 1, 2, 3, 7, 8, 16 on pp 399-405
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5 Answers to Some Problems

1. Which of the given rate and compounding periods provide the best invest-
ment (Answer: 9.25% compounded twice a year)

(a) 9.25 % compounded twice a year

(b) 9 % compounded continuously

2. If $3 000 is invested at 9% per year, find the amount of the investment
after 5 years for each of the following compounding methods

(a) Annual (Answer: 4615.87)

(b) Monthly (Answer: 4697.04)

(c) Daily (Answer: 4704.68)

(d) Weekly (Answer: 4703.11)

(e) Continuously (Answer: 4704.94)

3. Use the properties of logarithms to rewrite the expressions below in a form
with no logarithm of a product, quotient or power.

(a) ln
ab

c
(Answer: ln a+ ln b− ln c)

(b) ln
√
ab (Answer:

1

2
ln a+

1

2
ln b)

(c) ln
a2b√
c
(Answer: 2 ln a+ ln b− 1

2
ln c)

(d) ln
√
x2 + y2 (Answer:

1

2
ln
(
x2 + y2

)
)

(e) lnxxx (Answer: xx lnx)

4. Write each expression below as a single logarithm.

(a) 5 lnA− 4 lnB (Answer: ln
A5

B4
)

(b)
1

2
lnA+ 2 lnB − 3 lnC (Answer: ln

√
AB2

C3
)

(c)
1

2
ln (A+B)− lnC (Answer: ln

√
A+B

C
)

5. Solve for x in each equation below, give answers four digits after the
decimal point.

(a) 3x = 5 (Answer: x =
ln 5

ln 3
)
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(b) 32x+5 = 10 (Answer:

ln 10

ln 3
− 5

2
)

(c) 5

2ex
= 3 (Answer: x = ln

5

6
)

(d) 4 + 35x = 8 (Answer: x =
1

5

ln 4

ln 3
)

(e) e3−5x = 16 (Answer: x =
3

5
− 1

5
ln 16)

(f) ln (3x+ 5) = 2 (Answer: x =
1

3
e2 − 5

3
)

(g) 2− ln (3− x) = 0 (Answer: x = −e2 + 3)

(h) 2B = Be.05t (Answer: t = 13. 863)

6. Find the x-intercepts of the function y = 2 lnx− 4 (Answer:
(
e2, 0

)
)

7. Find the y-intercept of the function f (x) = 2−5 (3x) (Answer: (0,−3))

8. The doubling time of an investment is the time it takes the investment
to double its value. Find the doubling time of the investment in each
situation below. What can you conclude?

(a) $5000 at 8% compounded continuously (Answer: doubling time
is 8.66 years)

(b) $8000 at 8% compounded continuously (Answer: doubling time
is 8.66 years)

(c) $10000 at 8% compounded continuously (Answer: doubling time
is 8.66 years)

(d) We can conclude that the doubling time does not depend
on the initial investment.
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