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4.3: Graphs and Properties of Exponential Growth and Decay Functions/Use TI-84
calculator

In this section, you will:

1. Examine properties of exponential functions
2. Examine graphs of exponential functions
3. How to graph and evaluate an exponential function using the TI-84 calculator.

An exponential function can be written in forms

where

 is the initial value because . In the growth and decay models that we examine in this finite math textbook, .
 is often called the growth factor. We restrict  to be positive ( ) because even roots of negative numbers are undefined. We

want the function to be defined for all values of , but  would be undefined for some values of  if .
 is called the growth or decay rate. In the formula for the functions, we use r in decimal form, but in the context of a problem we

usually state r as a percent.
 is called the continuous growth rate or continuous decay rate.

Properties of Exponential Growth Functions
The function  represents growth if  and .

The growth rate  is positive when . Because , then 

The function  represents growth if  and .

The function is an increasing function;  increases as  increases.

Domain: { all real numbers} ; all real numbers can be input to an exponential function
Range: If , the range is {positive real numbers} The graph is always above the x axis.
Horizontal Asymptote: when , the horizontal asymptote is the negative x axis, as x becomes large negative. Using mathematical
notation: as x → −∞, then y → 0.
The vertical intercept is the point  on the y-axis. There is no horizontal intercept because the function does not cross the x-axis.

Properties of Exponential Decay Functions
The function  function represents decay if  and .

The growth rate  is negative when . Because , then .

The function  function represents decay if  and .

The function is a decreasing function;  decreases as  increases.

Domain: { all real numbers} ; all real numbers can be input to an exponential function

Range: If , the range is { positive real numbers } The graph is always above the x axis.

 Learning Objectives
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Horizontal Asymptote: when , the horizontal asymptote is the positive x axis as x becomes large positive. Using mathematical
notation: as x → ∞, then y → 0.

The vertical intercept is the point  on the y-axis. There is no horizontal intercept because the function does not cross the x-axis.

The graphs for exponential growth and decay functions are displayed below for comparison.

How to find an exponential function from two points

Suppose the following points define an exponential function that describes the exponential growth or decline of customers coming to
a restaurant if the initial point is (0, 1). Find the exponential function.

a) (4, 625)

b) (-3, 343)

Solution
a) The general exponential function is y = ab . 

Substituting the point (0, 1), you get 1 = ab . 
We know that b  = 1; therefore, the exponential function is y = b . 
Next, substitute the point (4, 625) in the exponential function 625 = b . 
Take the 4th root of each side (625)  = b
b =  5
The exponential equation is y = 5 .

b) The general exponential function is y = abx.

Substituting the point (0, 1), you get 1 = ab . 
We know that b  = 1; therefore, the exponential function is y = b . 
Next, substitute the point (-3, 343) in the exponential function 343 = b . 
A negative exponent indicates the b should be in the denominator 343 = (1/b) .
Take the cubic root of both sides (343)  = (1/b).
7 = (1/b)  
Multiply both sides by b and solve for b.   7b = (1/b)(b) = 1.  b = 1/7
The exponential equation is y = (1/7) .

An Exponential Function is a One-to-One Function
Observe that in the graph of an exponential function, each y value on the graph occurs only once. Therefore, every y value in the range
corresponds to only one x value. So, for any particular value of y, you can use the graph to see which value of x is the input to produce
that y value as output. This property is called “one-to-one”.

Because for each value of the output y, you can uniquely determine the value of the corresponding input x, thus every exponential
function has an inverse function. The inverse function of an exponential function is a logarithmic function, which we will investigate in
the next section.

b < 1

(0, a)

 Example 4.3.0
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 years after the year 2015, the population of the city of Fulton is given by the function .  years after the
year 2015, the population of the city of Greenville is given by the function . Compare the graphs of these
functions.

Solution

The graphs below were created using computer graphing software. You can also graph these functions using a graphing calculator.

Population of Fulton Population of Greenville

Fulton's population is increasing.  and 
Exponential Growth

Greenville’s population is decreasing.  and 

Exponential Decay

y-intercept: (0, 35000)
The initial population in 2015 is 35000.

y-intercept: (0,80000)
The initial population in 2015 is 80000.

Horizontal Asymptote: The negative x axis is the horizontal
asymptote. y → 0 as x → − ∞

Horizontal Asymptote: The positive x axis is the horizontal
asymptote. y → 0 as x → ∞

Domain: In general, the domain of both functions  and  is the set of all real
numbers.

Range: The range of both functions is the set of positive real numbers. Both graphs always lie above the x-axis.

Domain and Range in context of this problem:

The functions represent population size as a function of time after the year 2015 . We restrict the domain in this context, using the
“practical domain” as the set of all non-negative real numbers: . Then we would consider only the portion of the graph that lies
in the first quadrant.

If we restrict the domain to  for the growth function , then the range for the population of Fulton
is 
If we restrict the domain to  for the decay function , then the range for the population of
Greenville is .

How to graph an exponential function

Graph y = 2  using the TI-84 calculator.  Evaluate the exponential function at x = 25.4 and x = 0.25.

Solution

 Example 4.3.1

x y = f(x) = 35000( )1.03x x

y = g(x) = 80000( )0.95x

y = f(x) = 35000 ( )1.03x y = g(x) = 80000 ( )0.95x

b = 1.03 > 1 r = 0.03 > 0
b = 0.95 < 1

r = −0.05 < 0

y = f(x) = 35000( )1.03x y = g(x) = 80000( )0.95x

x ≥ 0

x ≥ 0 y = f(x) = 35000( )1.03x

y ≥ 35, 000

x ≥ 0 y = g(x) = 80000( )0.95x

y ≤ 80, 000

 Example 4.3.1
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1) Click the y= button.

2) Hit the Clear button to erase any function entered.

3) Enter 2 and hit the ^ button and hit the X button .

4) Hit the Graph button to view the graph of y = 2 .

Using Ti 84 Calculator to Graph and Evaluate Functions

The video explains how to use the Ti 84
calculator to graph the function Y=2^x and
how to evaluate it at different points. It…
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5) To evaluate y = 2 , hit the 2nd button and the graph button.  Scroll to the x value and move to the y column to find the answer
(i.e.  x = 13).

6) To set the X values to what you want, hit the 2nd button and the Window button .  Set the beginning value of 0, and the
amount to increase the x value by 0.25 then hit the 2nd button then the Graph button.

Scroll down to x = 0.25 and move to the Y  value.  The Y value is 1.1892071150027.  Round it to the desired decimal places.
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7) To set the table to ask you for a specific value.  Hit the 2nd button and the Windows key .  Scroll down to Indpnt and
highlight Ask then hit the enter button.

Then hit the 2nd button and the graph button.  Enter 25.4 and hit enter button.  Move over to the Y  column to see the answer.

Round to the desired decimal places.
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