
Section 1.4 Exponential Functions

2. Use the Laws of Exponents to rewrite and simplify each expression.

(a)
3√4

3√108
(b) 272/3 (c) 2x2(3x5)2 (d) (2x−2)−3x−3 (e) 3a3/2·a1/2

a−1 (f)

√
a
√
b

3√
ab

Solution:

SECTION 1.4 EXPONENTIAL FUNCTIONS ¤ 43

(c) For any function  with domain , define functions  and  as in parts (a) and (b). Then 1
2 is even,

1
2 is odd, and we

show that () = 1
2() +

1
2():
1
2() +

1
2() =

1
2 [() + (−)] + 1

2 [()− (−)]
= 1

2
[() + (−) + ()− (−)]

= 1
2
[2()] = ()

as desired.

(d) () = 2 + (− 3)2 has domain , so we know from part (c) that () = 1
2
 () + 1

2
 ()  where

() = () +  (−) = 2 + (− 3)2 + 2− + (−− 3)2

= 2 + 2− + (− 3)2 + (+ 3)2

and () = ()−  (−) = 2 + (− 3)2 − [2− + (−− 3)2]
= 2 − 2− + (− 3)2 − (+ 3)2
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1. (a) −2
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=
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−3
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
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6
=
1

36

(c) 1
4
√
5
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1
4
√
4 · 

=
1
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(d) 
3 · 
+1

=
3+

+1
= (3+)−(+1) = 2

(e) 3(3−1)−2 = 33−2(−1)−2 =
3 · 2
32

=
5

9

(f ) 22

(3−2)2
=
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32(−2)22
=

22
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=
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9
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9
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3
√
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3
√
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√
27
=

1
3
√
27
=
1

3

(b) 2723 = (2713)2 =

3
√
27
2
= 32 = 9

(c) 22(35)2 = 22 · 32(5)2 = 22 · 910 = 2 · 92+10 = 1812

(d) (2−2)−3−3 = 2−3(−2)−3−3 = 6 · −3
23

=
6+(−3)

8
=

3

8

(e) 3
32 · 12
−1

= 332+12 · 1 = 32 ·  = 33

(f )


√


3
√


=
(12)12

()13
=

12 (12)12

13 13
=

12 14

13 13
= 12−13 14−13 = 16 −112 =

16

112
=

6
√

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√
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3. (a) () = ,   0 (b)  (c) (0∞) (d) See Figures 4(c), 4(b), and 4(a), respectively.

4. (a) The number  is the value of  such that the slope of the tangent line at  = 0 on the graph of  =  is exactly 1.

(b)  ≈ 271828 (c) () = 
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20. Find the exponential function f(x) = Cbx whose graph is given.
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1.4  �Exercises

	16.	 ��Starting with the graph of y − e x, find the equation of the 
graph that results from

	 (a)	 reflecting about the line y − 4.
	 (b)	 reflecting about the line x − 2.

�17–18  �Find the domain of each function.

	17.	 �(a)	 f sxd −
1 2 e x 2

1 2 e12x 2	 (b)	 f sxd −
1 1 x

e cos x

	18.	 �(a)	 tstd − s10 t 2 100 	 (b)	 tstd − sinse t 2 1d

19–20  �Find the exponential function f sxd − Cb x whose graph  
is given.

	19.	 	 20.	

0

(1, 6)

(3, 24)

y

x

(_1, 3)

”1,    ’
4

3

0

y

x

 	21.	 ��If f sxd − 5x, show that

 f sx 1 hd 2 f sxd
h

− 5xS 5h 2 1

h D
	22.	 ��Suppose you are offered a job that lasts one month. Which 

of the following methods of payment do you prefer?
	 I.	 One million dollars at the end of the month.
	 II.	 One cent on the first day of the month, two cents on the 

second day, four cents on the third day, and, in general, 
2n21 cents on the nth day.

	23.	 ��Suppose the graphs of f sxd − x 2 and tsxd − 2x are drawn 
on a coordinate grid where the unit of measurement is  
1 inch. Show that at a distance 2 ft to the right of the origin, 
the height of the graph of f  is 48 ft but the height of the 
graph of t is about 265 mi.

	24.	 ��Compare the functions f sxd − x 5 and tsxd − 5x by graph-
ing both functions in several viewing rectangles. Find all 
points of intersection of the graphs correct to one decimal 
place. Which function grows more rapidly when x is large?

	25.	 ��Compare the functions f sxd − x 10 and tsxd − e x by graph-
ing both functions in several viewing rectangles. When does 
the graph of t finally surpass the graph of f ?

	26.	 ��Use a graph to estimate the values of x such that 
e x . 1,000,000,000.

;

;

;

1–2  �Use the Laws of Exponents to rewrite and simplify each  
expression.

	 1.	 �(a)	
226

43 	 (b)	
s23d6

96 	 (c)	
1

s4 x 5 

		  (d)	
x 3 � x n

x n11 	 (e)	 b3s3b21d22	 (f )	
2x 2 y

s3x22 yd2

	 2.	 �(a)	
s3 4 

s3 108 
	 (b)	 272y3	 (c)	 2x 2s3x 5d2

		  (d)	 s2x22 d23x23	 (e)	
3a 3y2 � a1y2

a21 	 (f )	
sasb 

s3 ab 

	 3.	 �(a)	� Write an equation that defines the exponential function 
with base b . 0.

	 (b)	 What is the domain of this function?
	 (c)	 If b ± 1, what is the range of this function?
	 (d)	� Sketch the general shape of the graph of the exponential 

function for each of the following cases.
	 (i)	 b . 1
	(ii)	 b − 1
	(iii)	 0 , b , 1

	 4.	 �(a)	� How is the number e defined?
	 (b)	 What is an approximate value for e ?
	 (c)	 What is the natural exponential function?

5–8  �Graph the given functions on a common screen. How are 
these graphs related?

	 5.	 �y − 2x,    y − e x,    y − 5x,    y − 20 x

	 6.	 �y − e x,    y − e 2x,    y − 8x,    y − 82x

	 7.	 �y − 3x,    y − 10 x,    y − ( 1
3)x

,    y − ( 1
10 )x

	 8.	 �y − 0.9 x,    y − 0.6x,    y − 0.3x,    y − 0.1x

9–14  �Make a rough sketch by hand of the graph of the function. 
Use the graphs given in Figures 3 and 15 and, if necessary, the 
transformations of Section 1.3.

	 9.	 tsxd − 3x 1 1	 10.	 hsxd − 2( 1
2)x

2 3

	11.	 y − 2e2x	 12.	 y − 4 x12

	13.	 y − 1 2 1
2 e2x	 14.	 y − e | x |

	15.	 ��Starting with the graph of y − e x, write the equation of the 
graph that results from

	 (a)	 shifting 2 units downward.
	 (b)	 shifting 2 units to the right.
	 (c)	 reflecting about the x-axis.
	 (d)	 reflecting about the y-axis.
	 (e)	 reflecting about the x-axis and then about the y-axis.

;
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Solution:
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(d) To find the equation of the graph that results from reflecting the graph of  =  about the y­axis, we replace  with − in

the original function to get  = −.

(e) To find the equation of the graph that results from reflecting the graph of  =  about the x­axis and then about the y­axis,

we first multiply the original function by −1 (to get  = −) and then replace  with − in this equation to

get  = −−.

16. (a) This reflection consists of first reflecting the graph about the ­axis (giving the graph with equation  = −)
and then shifting this graph 2 · 4 = 8 units upward. So the equation is  = − + 8.

(b) This reflection consists of first reflecting the graph about the ­axis (giving the graph with equation  = −)

and then shifting this graph 2 · 2 = 4 units to the right. So the equation is  = −(−4).

17. (a) The denominator is zero when 1− 1−
2
= 0 ⇔ 1−

2
= 1 ⇔ 1− 2 = 0 ⇔  = ±1. Thus,

the function () = 1− 
2

1− 1−2
has domain { |  6= ±1} = (−∞−1) ∪ (−1 1) ∪ (1∞).

(b) The denominator is never equal to zero, so the function () = 1 + 

cos
has domain , or (−∞∞).

18. (a) The function () =
√
10 − 100 has domain  | 10 − 100 ≥ 0 =  | 10 ≥ 102 = { |  ≥ 2} = [2∞).

(b) The sine and exponential functions have domain , so () = sin( − 1) also has domain .

19. Use  =  with the points (1 6) and (3 24). 6 = 1

 = 6




and 24 = 3 ⇒ 24 =


6




3 ⇒

4 = 2 ⇒  = 2 [since   0] and  = 6
2
= 3. The function is () = 3 · 2.

20. Use  =  with the points (−1 3) and 1 4
3


. From the point (−1 3), we have 3 = −1, hence  = 3. Using this and

the point

1 43


, we get 4

3 = 1 ⇒ 4
3 = (3) ⇒ 4

9 = 2 ⇒  = 2
3 [since   0] and  = 3(23 ) = 2. The

function is () = 2(2
3 )

.

21. If () = 5, then (+ )− ()


=
5+ − 5


=
55 − 5


=
5

5 − 1


= 5

5 − 1



.

22. Suppose the month is February. Your payment on the 28th day would be 228−1 = 227 = 134,217,728 cents, or

$1,342,177.28. Clearly, the second method of payment results in a larger amount for any month.

23.
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In this question, we know that x = 1, So for the function f :

x = 1 ⇒ f (1) = 12 = 1 m (1)
and for the function g :

x = 1 ⇒ g(1) = 21 = 2 m (2)

1


