1= 1.5
© 22 + 1
3x2—1
0=1+ =25
2x2 + 1

0=2x2+1+3x>—1=5x>+25
0=5x2=5x2+4+25
True for all x.
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Exploration 1
1. The graphs of f(x) = —j;and f(x) = In x have vertical

asymptotes at x = 0.

1
2. The graph of g(x) = < + In x (shown below) does have

a vertical asymptote at x = 0.

l

[—27,6.7] by [-1.1,5.1]

3. The graphs of f(x) = %,f(x) = ¢*,and f(x) = 1

have horizontal asymptotes at y = 0.

+ e

4. The graph of g(x) = % + e*

(shown below) does have a horizontal asymptote at y = 0.

Yt

=

[~3,3] by [-5, 5]
N
[4.7,4.7] by [-3.1, 3.1]

1 1
Both f(x) = %and g(x) = 72 have

—x - x(2x — 1)
vertical asymptotes at x = 0, but A(x) = f(x) + g(x)
does not; it has a removable discontinuity.

Quick Review 1.3

1. 59.34
25—
37—
4.3
5.0
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7.3
8. —15
9. -4
0.1—-7—7=@m—-1)—am=m—-1—7=-1
Section 1.3 Exercises
Ly=x+1;(e)
2.y=|x| —2()
3.y=-Vx()
4, y = —sin x or y = sin(—x); (a)
5.y = —x; (i)
6.y=(x—13%0
7. y = int(x + 1); (k)
1
8.y=-2(M)
9.y = (x +2)%(d
10. y = e*—2;(c)
4
11. 2 — 1T e“";(l)
12. y = cos x + 1; (b)
13. Exercise 8
14. Exercise 3
15. Exercises 7,8

16.

17.
18.

19.

20.

21.
22.

23.

25.
26.
27.

28.
29.

Exercise 7 (Remember that a continuous function is one
that is continuous at every point in its domain.)

Exercises 2,4, 6,10, 11,12

Exercises 3,4,11,12

_ 3 1.
y—x,y=x,y——;,y—smx

1

e — 33 =\/_ = p¥ :] —

y X,y x5,y X,y €,y nx,y 1-Fe”

1

f— 2 = — —

y=xiy=y=l

y =sinx, y = cos x, y = int(x)

1 1

= = = p* =
y x’y €,y {2

y=x,y=x,y=Inx

y=—,y=smx,y=cosx,y=1+e_x
y=x,y=xy=int(x)
. _ 3,1 .
y=Xxy=x,y=_,)y=smnx

x
y =sinx, y = cosx

30. Domain: all reals
Range: [-5, ) Range: [0, co)

] [
v

[~10, 10] by [—10, 10] [—10, 10] by [~10, 10]

Domain: all reals
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31. Domain: (—6, c0)
Range: all reals

32. Domain: (—oo, 0) U (0, c0)
Range: all reals # 3

*’ B
I

[—5,5] by [-2, 8]

[—10,10] by [—10, 10]

34. Domain: all reals
Range: [0, c0)

:

[—10, 10] by [—10, 10]

33. Domain: all reals
Range: all integers

[-10, 10] by [-10, 10]

[0,20] by [—5, 5]
(a) r(x) is increasing on [10, co).
(b) r(x) is neither odd nor even.
(¢) The one extreme is a minimum value of 0 at x = 10.

(d) r(x) = Vx — 10is the square root function, shifted
10 units right.

36.

[0,7] by .[2, ;]

k

2
; ™ ™ .
decreasing on [(Zk = 1)5 , 2k + 3)—2-], where k is

(a) f(x) is increasing on [(Zk = 1)—721, 2k + 1) ] and

an even integer.

(b) f(x) is neither odd nor even.

(c¢) There are minimum values of 4 at x = (2k — 1)%
and maximum values of 6 at x = (2k + 1)%, where k

is an even integer.

(d) f(x) = sin(x) + 5 is the sine function, sin x, shifted 5
units up.

37.

38.

39.

40.

P

[-5, 5] by [—|1, 4]

(a) f(x) is increasing on (—oo, 00).

(b) f(x) is neither odd nor even.

(c) There are no extrema.
= is the logistic function,

@ fx) =77 =
stretched vertically by a factor of 3.

]

[—11.4,7.4] by [-2.2,102]

-
1+ ™

(a) g(x) is increasing on (—oo, 00).
(b) g(x) is neither odd nor even.
(¢) There are no extrema.

(d) g(x) = €* + 2 is the exponental function, ¢*, shifted 2
units up.

5N il

[—15,15] by [—20, 10]
(a) h(x) is increasing on [0, co) and decreasing on (—oo, 0].
(b) A(x) is even, because it is symmetric about the y-axis.

(¢) The one extremum is a minimum value of —10 at
x =0.

(d) h(x) = | x| — 10 is the absolute value function, | x|,
shifted 10 units down.

N
N\

[0,7] by [—5, 5]

(a) g(x) is increasing on [(2k — 1), 2k ] and decreas-
ing on [2kr, (2k + 1)7], where k is an integer.
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(b) g(x) is even, because it is symmetric about the y-axis. 46. y

(c) There are minimum values of —4 at x = (2k — 1)
and maximum values of 4 at x = 2kar, where k is an
integer.

(d) g(x) = 4 cos (x) is the cosine function, cos x,
stretched vertically by a factor of 4.

L L _ L1 _}

41.

| T Tt i}

There is a point of discontinuity at x = 0.

l 47.
[-2.7,6.7] by [-1.1, 5.1]

y

5
(a) s(x) is increasing on [2, co) and decreasing on (—oo, 2].

(b) s(x) is neither odd nor even.

T T T T T

(c¢) The one extremum is a minimum value of 0 at x = 2. oor i b SN NG g

(d) s(x) = | x — 2| is the absolute value function, | x|,
shifted 2 units to the right.

42,
f,u/E\ e There are no points of discontinuity.
i i \ 48. y

5

| I TR | T T

[-10, 10] by [-10, 10]

(a) f(x) is increasing on (—oo, 0] and decreasing on [0, co).

(b) f(x) is even, because it is symmetric about the y-axis. coa Yy

(c¢) The one extremum is a maximum value of 5 at x = 0.

@d) f(x) = 5 — abs(x) is the absolute value function,
abs(x), reflected across the x-axis and then shifted 5

units up.
43. The end behavior approaches the horizontal asymptotes There is a point of discontinuity at x = 0.
y=2andy = —2. 49
44. The end behavior approaches the horizontal asymptotes 1
y=0andy = 3.
45. y
5 -
= X
1 == 1 1 ) 1 1 1 1 1 X
L 5
i There are no points of discontinuity.
L 50. y
There are no points of discontinuity. 5

! i ] r 1 1

NN N T . 4 S N N T By '3

i s ==} T

There are no points of discontinuity.
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51.

wh
=

There is a point of discontinuity at x = 0.

52. y
5F o—
- —0
- =0
- e—o
1 | W | Py 1 | O | X
5

There are points of discontinuity at x = 2, 3,4, 5,. ...

ﬁm?xx%ff

[—5,5] by [-5,5]
This is g(x) = |x|.

(b) Squaring x and taking the (positive) square root has
the same effect as the absolute value function.

M@K\\%ﬁﬁ

[—5,5] by [5, 5]
This appears to be f(x) = |x|.
(b) For example, g(1) ~ 0.99, whereas |1| = 1.

L
A~

[=5,5] by [-5,5]
This is the function f(x) = x.

(b) The fact that In(e*) = x shows that the natural
logarithm function takes on arbitrarily large values.
In particular, it takes on the value L when x = e’

56. (a) y
1.291 o—e
1.06 o—e
&
Q
O 060 o—e
0.37 ——e

1 1 ! 1 1 x

1 2 3 4 5
Weight (0z)

(b) One possible answer: It is similar because it has discon-
tinuities spaced at regular intervals. It is different
because its domain is the set of positive real numbers,
and because it is constant on intervals of the form (k,

k + 1] instead of [k, k + 1), where k is an integer.

57. The Greatest Integer Function f(x) = int (x)

58.

59.
60.

61.

62.
63.

64.

| [ =
-]

[4.7,4.7] by [-3.1, 3.1]

Domain: all real numbers

Range: all integers

Continuity: There is a discontinuity at each integer
value of x.

Increasing/decreasing behavior: constant on intervals of
the form [k, k + 1), where k is an integer

Symmetry: none

Boundedness: not bounded

Local extrema: every non-integer is both a local minimum
and local maximum

Horizontal asymptotes: none

Vertical asymptotes: none

End behavior: int(x) — —coasx — —oo and
int(x) — coasx — oo.

False. Because the greatest integer function is not one-to-
one, its inverse relation is not a function.

True. The asymptotes are x = 0 and x = 1.

5
— <5 4= =
1 = 5,—4 =4cos x =4,

and int(x — 2) takes only integer values. The answer is (a).
1
1+ e~
By comparison of the graphs, the answer is (c).

Because 3 — %#3,0 <

3<3+ < 4.The answer is (d).

The answer is (e). The others all have either a restricted
domain or intervals where the function is decreasing or
constant.

(a) Answers will vary.
(b) In this window, it appears that Vx < x < x%



