
Section 1.3 New Functions from Old Functions

4. The graph of f is given. Draw the graphs of the following functions.

(a) y = f(x)− 3 (b) y = f(x+ 1) (c) y = 1
2f(x) (d) y = −f(x)
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	13.	 y −
1

x
1 2 	 14.	 y − 2sx 2 1

	15.	 y − sin 4x	 16.	 y − 1 1
1

x 2

	17.	 y − 2 1 sx 1 1	 18.	 y − 2sx 2 1d2 1 3

	19.	 y − x 2 2 2x 1 5	 20.	 y − sx 1 1d3 1 2 

	21.	 y − 2 2 | x |	 22.	 y − 2 2 2 cos x

	23.	 y − 3 sin 12 x 1 1	 24.	 y −
1

4
 tanSx 2

�

4 D 

	25.	 y − | cos �x |	 26.	 y − | sx 2 1 |
	27.	 ��The city of New Orleans is located at latitude 30°N. Use Fig- 

ure 9 to find a function that models the number of hours of day-
light at New Orleans as a function of the time of year. To check 
the accuracy of your model, use the fact that on March 31 the 
sun rises at 5:51 am and sets at 6:18 pm in New Orleans. 

	28.	 ��A variable star is one whose brightness alternately increases 
and decreases. For the most visible variable star, Delta Cephei, 
the time between periods of maximum brightness is 5.4 days, 
the average brightness (or magnitude) of the star is 4.0, and its 
brightness varies by 60.35 magnitude. Find a function that 
models the brightness of Delta Cephei as a function of time.

	29.	 ��Some of the highest tides in the world occur in the Bay of 
Fundy on the Atlantic Coast of Canada. At Hopewell Cape 
the water depth at low tide is about 2.0 m and at high tide  
it is about 12.0 m. The natural period of oscillation is  
about 12 hours and on a particular day, high tide occurred  
at 6:45 am. Find a function involving the cosine function  
that models the water depth Dstd (in meters) as a function  
of time t (in hours after midnight) on that day.

	30.	 ��In a normal respiratory cycle the volume of air that moves 
into and out of the lungs is about 500 mL. The reserve and 
residue volumes of air that remain in the lungs occupy about 
2000 mL and a single respiratory cycle for an average human 
takes about 4 seconds. Find a model for the total volume of 
air Vstd in the lungs as a function of time.

	31.	 �(a)	� How is the graph of y − f (| x |) related to the graph of f ?
	 (b)	 Sketch the graph of y − sin | x |.
	 (c)	 Sketch the graph of y − s| x |.
	32.	 ��Use the given graph of f  to sketch the graph of y − 1yf sxd. 

Which features of f  are the most important in sketching 
y − 1yf sxd? Explain how they are used.

1
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y

	 4.	 ��The graph of f  is given. Draw the graphs of the following 
functions.

		  (a)	 y − f sxd 2 3	 (b)	 y − f sx 1 1d

		  (c)	 y − 1
2 f sxd	 (d)	 y − 2f sxd

x

y

0 1

2

	 5.	 ��The graph of f  is given. Use it to graph the following  
functions.

		  (a)	 y − f s2xd	 (b)	 y − f ( 1
2 x)

		  (c)	 y − f s2xd	 (d)	 y − 2f s2xd

x

y

0 1

1

�6–7  �The graph of y − s3x 2 x 2  is given. Use transformations  
to create a function whose graph is as shown.
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	 8.	 �(a)	� How is the graph of y − 1 1 sx   related to the graph of 
y − sx

  

? Use your answer and Figure 4(a) to sketch the 
graph of y − 1 1 sx .

	 (b)	� How is the graph of y − 5 sin �x related to the graph of 
y − sin x ? Use your answer and Figure 6 to sketch the 
graph of y − 5 sin �x .

9–26  �Graph the function by hand, not by plotting points, but by 
starting with the graph of one of the standard functions given in 
Table 1.2.3, and then applying the appropriate transformations.

	 9.	 y − 1 1 x 2 	 10.	 y − sx 1 1d2 

	11.	 y − | x 1 2 |	 12.	 y − 1 2 x 3
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Solution:
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36. (a) Using a computing device, we obtain a power function = , where    and   030 .

(b) If  = 753, then =   17 , so you would expect to find 18 species of reptiles and amphibians on Dominica.

37. We have  = 

42
=




4


1

2


=

(4)

2
. Thus,  = 

2
with  = 

4
.

1.3 New Functions from Old Functions

1. (a) If the graph of  is shifted 3 units upward, its equation becomes  = () + 3.

(b) If the graph of  is shifted 3 units downward, its equation becomes  = ()− 3.
(c) If the graph of  is shifted 3 units to the right, its equation becomes  = (− 3).
(d) If the graph of  is shifted 3 units to the left, its equation becomes  = (+ 3).

(e) If the graph of  is reflected about the ­axis, its equation becomes  = −().
(f ) If the graph of  is reflected about the ­axis, its equation becomes  = (−).
(g) If the graph of  is stretched vertically by a factor of 3, its equation becomes  = 3().

(h) If the graph of  is shrunk vertically by a factor of 3, its equation becomes  = 1
3
().

2. (a) To obtain the graph of  = () + 8 from the graph of  = (), shift the graph 8 units upward.

(b) To obtain the graph of  = (+ 8) from the graph of  = (), shift the graph 8 units to the left.

(c) To obtain the graph of  = 8() from the graph of  = (), stretch the graph vertically by a factor of 8.

(d) To obtain the graph of  = (8) from the graph of  = (), shrink the graph horizontally by a factor of 8.

(e) To obtain the graph of  = −()− 1 from the graph of  = (), first reflect the graph about the ­axis, and then shift it

1 unit downward.

(f ) To obtain the graph of  = 8( 1
8) from the graph of  = (), stretch the graph horizontally and vertically by a factor

of 8.

3. (a) Graph 3: The graph of  is shifted 4 units to the right and has equation  = (− 4).
(b) Graph 1: The graph of  is shifted 3 units upward and has equation  = () + 3.

(c) Graph 4: The graph of  is shrunk vertically by a factor of 3 and has equation  = 1
3
().

(d) Graph 5: The graph of  is shifted 4 units to the left and reflected about the ­axis. Its equation is  = −(+ 4).
(e) Graph 2: The graph of  is shifted 6 units to the left and stretched vertically by a factor of 2. Its equation is

 = 2(+ 6).

4. (a)  = ()− 3: Shift the graph of  3 units down. (b)  = (+ 1): Shift the graph of  1 unit to the left.
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(c)  = 1
2(): Shrink the graph of  vertically by a

factor of 2.

(d)  = −(): Reflect the graph of  about the ­axis.

5. (a) To graph  = (2) we shrink the graph of 
horizontally by a factor of 2.

The point (4−1) on the graph of  corresponds to the
point


1
2 · 4−1


= (2−1).

(b) To graph  = 

1
2


we stretch the graph of 

horizontally by a factor of 2.

The point (4−1) on the graph of  corresponds to the
point (2 · 4−1) = (8−1).

(c) To graph  = (−) we reflect the graph of  about
the ­axis.

The point (4−1) on the graph of  corresponds to the
point (−1 · 4−1) = (−4−1).

(d) To graph  = −(−) we reflect the graph of  about
the ­axis, then about the ­axis.

The point (4−1) on the graph of  corresponds to the
point (−1 · 4−1 ·−1) = (−4 1).

6. The graph of  = () =
√
3− 2 has been shifted 2 units to the right and stretched vertically by a factor of 2.

Thus, a function describing the graph is

 = 2(− 2) = 23(− 2)− (− 2)2 = 23− 6− (2 − 4+ 4) = 2√−2 + 7− 10
7. The graph of  = () =

√
3− 2 has been shifted 4 units to the left, reflected about the ­axis, and shifted downward

1 unit. Thus, a function describing the graph is

 = −1 ·  
reflect

about ­axis

 (+ 4)  
shift

4 units left

− 1  
shift

1 unit left

This function can be written as

 = −(+ 4)− 1 = −3(+ 4)− (+ 4)2 − 1
= −3+ 12− (2 + 8+ 16)− 1 = −√−2 − 5− 4− 1
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36. Find the functions (a) f ◦ g, (b) g ◦ f , (c) f ◦ f , and (d) g ◦ g and their domains.

f(x) =
1

x
, g(x) = 2x+ 1

Solution:

38 ¤ CHAPTER 1 FUNCTIONS AND MODELS

35. () = 3 + 5 and () = 3
√
. The domain of each function is (−∞∞).

(a) ( ◦ ) () = (()) = 


3
√


=


3
√

3
+ 5 = + 5. The domain is (−∞∞).

(b) ( ◦ )() = (()) = (3 + 5) =
3

3 + 5. The domain is (−∞∞).

(c) ( ◦ )() = (()) = (3 + 5) = (3 + 5)3 + 5. The domain is (−∞∞).

(d) ( ◦ )() = (()) = 


3
√


=

3


3
√
 =

9
√
. The domain is (−∞∞).

36. () = 1 and () = 2+ 1. The domain of  is (−∞ 0) ∪ (0∞). The domain of  is (−∞∞).
(a) ( ◦ )() = (()) = (2 + 1) =

1

2+ 1
. The domain is

{ | 2+ 1 6= 0} =  |  6= − 1
2


=
−∞− 1

2

 ∪ − 1
2
∞.

(b) ( ◦ )() = (()) = 


1




= 2


1




+ 1 =

2


+ 1. We must have  6= 0, so the domain is (−∞ 0) ∪ (0∞).

(c) ( ◦ )() = (()) = 


1




=

1

1
= . Since  requires  6= 0, the domain is (−∞ 0) ∪ (0∞).

(d) ( ◦ )() = (()) = (2+ 1) = 2(2+ 1) + 1 = 4+ 3. The domain is (−∞∞).

37. () =
1√

and () = + 1. The domain of  is (0∞). The domain of  is (−∞∞).

(a) ( ◦ )() = (()) = (+ 1) =
1√
+ 1

. We must have + 1  0, or   −1, so the domain is (−1∞).

(b) ( ◦ )() = (()) = 


1√



=

1√

+ 1. We must have   0, so the domain is (0∞).

(c) ( ◦ )() = (()) = 


1√



=

1
1
√


=
1

1
√


=
√

 =
4
√
. We must have   0, so the domain

is (0∞).
(d) ( ◦ )() = (()) = (+ 1) = (+ 1) + 1 = + 2. The domain is (−∞∞).

38. () =


+ 1
and () = 2− 1. The domain of  is (−∞−1) ∪ (−1∞). The domain of  is (−∞∞).

(a) ( ◦ )() = (()) = (2− 1) = 2− 1
(2− 1) + 1 =

2− 1
2

. We must have 2 6= 0 ⇔  6= 0. Thus, the domain
is (−∞ 0) ∪ (0∞).

(b) ( ◦ )() = (()) = 2




+ 1


− 1 = 2

+ 1
− 1 = 2− 1(+ 1)

+ 1
=

− 1
+ 1

. We must have + 1 6= 0 ⇔

 6= −1. Thus, the domain is (−∞−1) ∪ (−1∞).

(c) ( ◦ )() = (()) =



+ 1


+ 1
+ 1

=



+ 1


+ 1
+ 1

· + 1
+ 1

=


+ (+ 1)
=



2+ 1
. We must have both + 1 6= 0

and 2+ 1 6= 0, so the domain excludes both−1 and − 1
2
. Thus, the domain is (−∞−1) ∪ −1− 1

2

 ∪ − 1
2
∞.

(d) ( ◦ )() = (()) = (2− 1) = 2(2− 1)− 1 = 4− 3. The domain is (−∞∞).
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54. Express the function in the form H(t) = cos(
√
tan t+ 1)

Solution:

40 ¤ CHAPTER 1 FUNCTIONS AND MODELS

48. Let () = 

1 + 
and () = 3

√
. Then ( ◦ )() = (()) = 




1 + 


= 3




1 + 
= ().

49. Let () = 2 and () = sec  tan . Then ( ◦ )() = (()) = (2) = sec(2) tan(2) = ().

50. Let () =
√
 and  () =

√
1 + . Then ( ◦ )() = (()) = 

√


=

1 +

√
 = ().

51. Let () =
√
, () =  − 1, and () =

√
. Then

( ◦  ◦ )() = ((())) = 


√




= 
√

− 1

=
√

− 1 = ().

52. Let () = ||, () = 2 + , and () = 8
√
. Then

( ◦  ◦ )() = ((())) = ((||)) =  (2 + ||) = 8

2 + || = ().

53. Let () = cos , () = sin , and () = 2. Then

( ◦  ◦ )() = ((())) = ((cos )) = (sin(cos )) = [sin(cos )]2 = sin2(cos ) = ().

54. Let () = tan , () =
√
 + 1, and () = cos . Then

( ◦  ◦ )() =  ((())) =  ((tan )) = 
√
tan + 1


= cos

√
tan + 1


= ().

55. (a) ((3)) = (4) = 6. (b) ((2)) = (1) = 5.

(c) ( ◦ )(5) = ((5)) = (3) = 5. (d) ( ◦ )(5) = ((5)) = (2) = 3.

56. (a) (((2))) = ((3)) = (4) = 1. (b) ( ◦  ◦ )(1) = (((1))) = ((3)) = (5) = 2.

(c) ( ◦  ◦ )(1) = (((1))) = ((5)) = (2) = 1. (d) ( ◦  ◦ )(3) = (((3))) = ((4)) = (6) = 2.

57. (a) (2) = 5, because the point (2 5) is on the graph of . Thus, ((2)) = (5) = 4, because the point (5 4) is on the

graph of  .

(b) ((0)) = (0) = 3

(c) ( ◦ )(0) = ((0)) = (3) = 0

(d) ( ◦ )(6) = ((6)) = (6). This value is not defined, because there is no point on the graph of  that has

­coordinate 6.

(e) ( ◦ )(−2) = ((−2)) = (1) = 4

(f ) ( ◦ )(4) = ((4)) = (2) = −2

58. To find a particular value of (()), say for  = 0, we note from the graph that (0) ≈ 28 and (28) ≈ −05. Thus,
( (0)) ≈ (28) ≈ −05. The other values listed in the table were obtained in a similar fashion.

 () (())

−5 −02 −4
−4 12 −33
−3 22 −17
−2 28 −05
−1 3 −02

 () (())

0 28 −05
1 22 −17
2 12 −33
3 −02 −4
4 −19 −22
5 −41 19
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