
Section 1.1 Four Ways to Represent a Function

4. The graphs of f and g are given.

(a) State the values of f(−4) and g(3).

(b) Which is larger, f(−3) or g(−3)?

(c) For what values of x is f(x) = g(x)?

(d) On what interval(s) is f(x) ≤ g(x)?

(e) State the solution of the equation f(x) = −1.

(f) On what interval(s) is g decreasing?

(g) State the domain and range of f .

(h) State the domain and range of g.
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a and b with x1 , x2, then f sx1 d , f sx2 d. We use this as the defining property of an 
increasing function.
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A function f  is called increasing on an interval I if

f sx1d , f sx2d    whenever x1 , x2 in I

It is called decreasing on I if

f sx1d . f sx2d    whenever x1 , x2 in I

In the definition of an increasing function it is important to realize that the inequality 
f sx1 d , f sx 2 d must be satisfied for every pair of numbers x1 and x 2 in I with x1 , x 2.

You can see from Figure 23 that the function f sxd − x 2 is decreasing on the interval 
s2`, 0g and increasing on the interval f0, `d.
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1.1  Exercises

	 1.	 ��If f sxd − x 1 s2 2 x  and tsud − u 1 s2 2 u , is it true  
that f − t ?

	 2.	 ��If

f sxd −
x 2 2 x

x 2 1
        and        tsxd − x

is it true that f − t ?

	 3.	 ��The graph of a function t is given.

	 (a)	 State the values of ts�2d, ts0d, ts2d, and ts3d.
	 (b)	 For what value(s) of x is tsxd − 3 ?

	 (c)	 For what value(s) of x is tsxd ⩽ 3 ?

	 (d)	 State the domain and range of t.

	 (e)	 On what interval(s) is t increasing?
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	 4.	 The graphs of f  and t are given.

	 (a)	 State the values of f s24d and ts3d.
	 (b)	 Which is larger, f s23d or ts�3d ?
	 (c)	 For what values of x is f sxd − tsxd ?
	 (d)	 On what interval(s) is f sxd ⩽ tsxd ?
	 (e)	 State the solution of the equation f sxd − 21.

	 (f )	 On what interval(s) is t decreasing?

	 (g)	 State the domain and range of f.

	 (h)	 State the domain and range of t.
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	 5.	 ��Figure 1 was recorded by an instrument operated by the  
California Department of Mines and Geology at the  
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Solution:

1 FUNCTIONS AND MODELS

1.1 Four Ways to Represent a Function

1. The functions () = +
√
2−  and () = +

√
2−  give exactly the same output values for every input value, so 

and  are equal.

2. () =
2 − 

− 1 =
(− 1)
− 1 =  for − 1 6= 0, so  and  [where () = ] are not equal because (1) is undefined and

(1) = 1.

3. (a) The point (−2 2) lies on the graph of , so (−2) = 2. Similarly,  (0) = −2,  (2) = 1, and  (3)  25.

(b) Only the point (−4 3) on the graph has a ­value of 3, so the only value of  for which () = 3 is −4.

(c) The function outputs () are never greater than 3, so () ≤ 3 for the entire domain of the function. Thus, () ≤ 3 for
−4 ≤  ≤ 4 (or, equivalently, on the interval [−4 4]).

(d) The domain consists of all ­values on the graph of : { | −4 ≤  ≤ 4} = [−4 4]. The range of  consists of all the
­values on the graph of : { | −2 ≤  ≤ 3} = [−2 3].

(e) For any 1  2 in the interval [0 2], we have (1)  (2). [The graph rises from (0−2) to (2 1).] Thus, () is
increasing on [0 2].

4. (a) From the graph, we have (−4) = −2 and (3) = 4.

(b) Since (−3) = −1 and (−3) = 2, or by observing that the graph of  is above the graph of  at  = −3, (−3) is larger
than (−3).

(c) The graphs of  and  intersect at  = −2 and  = 2, so () = () at these two values of .

(d) The graph of  lies below or on the graph of  for −4 ≤  ≤ −2 and for 2 ≤  ≤ 3. Thus, the intervals on which
() ≤ () are [−4−2] and [2 3].

(e)  () = −1 is equivalent to  = −1, and the points on the graph of  with ­values of −1 are (−3−1) and (4−1), so
the solution of the equation () = −1 is  = −3 or  = 4.

(f) For any 1  2 in the interval [−4 0], we have (1)  (2). Thus, () is decreasing on [−4 0].

(g) The domain of  is { | −4 ≤  ≤ 4} = [−4 4]. The range of  is { | −2 ≤  ≤ 3} = [−2 3].

(h) The domain of  is { | −4 ≤  ≤ 3} = [−4 3]. Estimating the lowest point of the graph of  as having coordinates
(0 05), the range of  is approximately { | 05 ≤  ≤ 4} = [05 4].

5. From Figure 1 in the text, the lowest point occurs at about ( ) = (12−85). The highest point occurs at about (17 115).
Thus, the range of the vertical ground acceleration is−85 ≤  ≤ 115. Written in interval notation, the range is [−85 115].
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78. Graphs of f and g are shown. Decide whether each function is even, odd, or neither. Explain your reasoning.
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79–80  The graph of a function defined for x > 0 is given. 
Complete the graph for x , 0 to make (a) an even function and 
(b) an odd function.

	79.	 ��

x0

y

	80.	 ��

x0

y

81–86  �Determine whether f  is even, odd, or neither. You may 
wish to use a graphing calculator or computer to check your 
answer visually.

	81.	 f sxd −
x

x 2 1 1
	 82.	 f sxd −

x 2

x 4 1 1

	83.	 f sxd −
x

x 1 1
	 84.	 f sxd − x | x |

	85.	 f sxd − 1 1 3x 2 2 x 4	 86.	 f sxd − 1 1 3x 3 2 x 5

	87.	 ��If f  and t are both even functions, is f 1 t even? If f  and t 
are both odd functions, is f 1 t odd? What if f  is even and t 
is odd? Justify your answers.

	88.	 ��If f  and t are both even functions, is the product ft even? If f  
and t are both odd functions, is ft odd? What if f  is even and  
t is odd? Justify your answers.

	73.	 ��In a certain state the maximum speed permitted on freeways 
is 65 miyh and the minimum speed is 40 miyh. The fine for 
violating these limits is $15 for every mile per hour above the 
maximum speed or below the minimum speed. Express the 
amount of the fine F as a function of the driving speed x and 
graph Fsxd for 0 < x < 100.

	74.	 ��An electricity company charges its customers a base rate of $10 
a month, plus 6 cents per kilowatt-hour (kWh) for the first 
1200 kWh and 7 cents per kWh for all usage over 1200 kWh. 
Express the monthly cost E as a function of the amount x of 
electricity used. Then graph the function E for 0 < x < 2000.

	75.	 ��In a certain country, income tax is assessed as follows. There 
is no tax on income up to $10,000. Any income over $10,000 
is taxed at a rate of 10%, up to an income of $20,000. Any 
income over $20,000 is taxed at 15%.

	 (a)	� Sketch the graph of the tax rate R as a function of the 
income I.

	 (b)	� How much tax is assessed on an income of $14,000?  
On $26,000?

	 (c)	� Sketch the graph of the total assessed tax T as a function 
of the income I.

	76.	 �(a)	� If the point s5, 3d is on the graph of an even function, 
what other point must also be on the graph?

	 (b)	� If the point s5, 3d is on the graph of an odd function, what 
other point must also be on the graph?

77–78  �Graphs of f  and t are shown. Decide whether each 
function is even, odd, or neither. Explain your reasoning.

	77.	 y

x

f

g
	 78.	 y

x

f

g

Mathematical Models:  A Catalog of Essential Functions

A mathematical model is a mathematical description (often by means of a function or 
an equation) of a real-world phenomenon such as the size of a population, the demand 
for a product, the speed of a falling object, the concentration of a product in a chemical 
reaction, the life expectancy of a person at birth, or the cost of emissions reductions. The 
purpose of the model is to understand the phenomenon and perhaps to make predictions 
about future behavior.

Given a real-world problem, our first task in the mathematical modeling process is to 
formulate a mathematical model by identifying and naming the independent and depen-
dent variables and making assumptions that simplify the phenomenon enough to make  
it mathematically tractable. We use our knowledge of the physical situation and our 

1.2
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Solution:

20 ¤ CHAPTER 1 FUNCTIONS AND MODELS

74. For the first 1200 kWh, () = 10 + 006.

For usage over 1200 kWh, the cost is

() = 10 + 006(1200) + 007(− 1200) = 82 + 007(− 1200).
Thus,

() =


10 + 006 if 0 ≤  ≤ 1200
82 + 007(− 1200) if   1200

75. (a) (b) On $14,000, tax is assessed on $4000, and 10%($4000) = $400.

On $26,000, tax is assessed on $16,000, and

10%($10,000) + 15%($6000) = $1000 + $900 = $1900.

(c) As in part (b), there is $1000 tax assessed on $20,000 of income, so

the graph of  is a line segment from (10,000 0) to (20,000 1000).

The tax on $30,000 is $2500, so the graph of  for   20,000 is

the ray with initial point (20,000 1000) that passes through

(30,000 2500).

76. (a) Because an even function is symmetric with respect to the ­axis, and the point (5 3) is on the graph of this even function,

the point (−5 3) must also be on its graph.

(b) Because an odd function is symmetric with respect to the origin, and the point (5 3) is on the graph of this odd function,

the point (−5−3) must also be on its graph.

77.  is an odd function because its graph is symmetric about the origin.  is an even function because its graph is symmetric with

respect to the ­axis.

78.  is not an even function since it is not symmetric with respect to the ­axis.  is not an odd function since it is not symmetric

about the origin. Hence,  is neither even nor odd.  is an even function because its graph is symmetric with respect to the

­axis.

79. (a) The graph of an even function is symmetric about the ­axis. We reflect the

given portion of the graph of  about the ­axis in order to complete it.
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