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Chapter 1 Section 1.1 Exercises
Prerequisites for Calculus _ 1 Ax=-1-1=-2
Section 1.1 Lines (pp. 2-11) 2. Av=—1-(-3)=2
Quick Review 1.1 _ Ay=w2md=—4
Ly=-2+4(3~3)=-2+4(0)=-2+0=-2 3. Av=—8—(-3)m~5
2. 3=3-2(x+1) : ‘ Ay=1-1=0
3=3-2x-12 4. Ax=0-0=0
2x=-2 e A
=1 Ay=-2—4=-6
) =_.:§=j=__1 5. (a, ¢}
541 ¥
4 m=2m(w3)=-:E
31y 4
3(2_4};.?.5 I T S x
5. (a) ) 41
6-1=5 Yes
) IBD-4¢-DE5
1325 No
1-(-2) 3
6. (@) TE-2-1)+5 () mz"z(m—zlxﬁ
7=2+5 Yes
() 1=2(-2)+5 6.0
5

7. d=\J(x, -1, +(r, — )

= (O-12 +(1~0)?
=2 ST T I
ﬁ B 5
2 2 A TR
8. d=‘\/(x2“'x§) +(y2'“)';) 'N

1#£9 No "

NN TN SRR SO WO SO WO WO
le

10, 2x+5y=-3 N
S5y=2x-3 (b)m=-m~m"3 3 ﬂwgwtﬂ
2 3 '

=5
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8.(a¢)

I I T 3 k),

1 1 FV ¥ 1
-4

~3~2 -5

b) m=——F= o (undefined)

1-1
This line has no slope.
9.®)x=3
b)y=2
10. @) x=~1]

4
(b))’*g

. @x=0
®y=—V2

12. (@) x = ~7
(b)y=0

B.y=1x-1)+1

4, y=-1[x~{-1)]+1
y=—{x+1)+1

18.y=2(x~0)+3

16. y=2{x~(-4)]+C
yz=-2(x+4)+0

.y=3x-2
B.y=-ixt2ory=-x+2

19.y2—~~%x--3
i
2. y=-x~1
Y=3

3
21, m-m-wé«

i1-1 0
Bm=nt1l (
y=0{x—-D+1
y=1
23 m= -;:z) = :()3 (undefined)
Vertical tine: x =2
L 21 33
2-(-2) 4 4

y=-2lr- (D11

4y=-3Hx+2+4
4y=-3x-~2
3xtdy=-2

25, The line contains (0, 0) and (10, 25).

27. 3x+4y=12
4y=-3x+12

ym~%x+3

e e

3
Slope: ——
(a) Slope 2

(b) y-intercept: 3

©)
\

e :
\\
[~10, 10} by [-10, 16}

2B, x+y=2
y=—x42

{a) Slope: ~1
{b) y-intercept: 2
() '

N

N

{~10, 10} by 10, 10]
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34. (a) The given line is horizontal, so we seck a horizontal line

20. 2422
3 4 through | -1 11, E}w
Yo X 2)7 Y
4 3 .
y= _ix+4 {b) We seek a vertical line through (—1, mzw) ixm—],
3
() Slope: ~2 s 9727
3 MU T2
(b) y-intercept: 4 flxy= 1(x ~D+2= 7 P 3
© 2 2 2
\ 7 3
Check: f(5)=—=(5)—==16, as expected.
- 2 2
\ Since f(x)m%xm—z—,wehave mm% and b:w%.
10, 107 by [-10, 10 —{= _
k by [ ] 36.m:_4 { 1)=_§=_§
36.y=2x+4 4—32 2 2 3
(a) Slope: 2 f(x)“““z"(x“2)+(-1)ﬂmw2wx+2
(b) y-intercept: 4 3
© Check: f(6):-~“2~(6)+2:-7, as expected.
/ Since f(x)w—?nx+2 we have m=—> andb=2
/ - 2 gl = 2 v

/ 3. -2..273
S )

[~10, 107 by [10, 10) 2 ) 3
wE (B = o
31. (a) The desired line has slope -} and passes through 3 :
(0, 0y: A
£ )~ __1 =y
yeu-lix-0N+0ory=—x
i 38. 220D
(b) The desired line has slope — =1 and passes through x=(-8)
-1 2x+8)=4
©,0): x+8=2
x=-6
y=lx-0+0ory=x
, y= le(x-3)+
32. (a) The given equation is equivalent to y = —2x+ 4. 3 ;:m LSXS _31) 4
The desired line has slope —2 and passes through y=x+1

(-2, 2):
y=-2x+2}+2ory=-2x~2,

This is the same as the equation obtained in Example 3.

40. (a) When y =0, we have ﬁ:},sox:c.

(b) The desired line has siope ,'IL% = % and passes : c
through (-2, 2): When x =0, we have —;—z 1,s0v=4d.
1 1
y= 5(«”’2)4—2 0ry=-ix+3. (b) When y =0, we have Lo , 80 x = 2c,
[+
33, (a) The given line is vertical, so we seek a vertical line When x = 0, we have Za 2,50 y=2d.
through (-2, 4y x =~2. d

(b) We seek a horizontal Tine through (~2 ' ayy=4 The x-intercept is 2¢ and the y-intercept is 2d.
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41, (a) The given equations are equivalent to y= «%x + %

and y =—x+ 1, respectively, so the slopes are —% and

~1. The lines are parailel when w}% =-],80k=2.

{b) The lines are perpendicular when —-]2; = —E—:— ,
so k=2,
42.(a) m= 63; f965 = —_01—45— = ~3,75 degreesfinch
) m= %:% = :;g = —16.1 degreesfinch
(c) m= %2:92 = g% =] ] dégrees/inch

{d)} Best insulator: Fiberglass insulation
Poorest insulator: Gypsum wallboard

The best insulator will have the largest temperature
change per inch, because that will allow larger
temperature differences on opposite sides of thinner
layers.

43. Slope: k=K£---1~0—0—:—6~m 100
= (0,0994 atmospheres per meter
At 50 meters, the pressure is
p=0.0994(50) + 1 = 5.97 armospheres.
44, (a) d(t) = 45t

(b

[0, 6] by [—56, 300}
(¢} The slope is 45, which is the speed in miles per hour.

{d) Suppose the car has been traveling 45 mph for several

hours when it is first observed at point P at time 1 =0.
{e) The car starts at time ¢ =0 at a point 30 miles past P.
45, (a) y = 1,060.4233x — 2,077,548.669

¢(b) The slope is 1,060.4233. 1t represents the approximate
rate of increase in earnings in dollars per year.

{c)

(d) When x = 2000,
y = 1,060.4233(2000) — 2,077,548.669 = 43,293,

In 2000, the construction workers’ average anaual
compensation will be about $43,298.

46. (a) y = 0.680x + 9.013

(b) The slope is 0.68. H represents the approximate average
weight gain in pounds per month.

(©

[15, 453 by {15, 45]
(d) When x = 30, y = 0.680(30) + 9.013 = 29.413,
She weighs about 29 pounds. e

47, False: m= i—xz and Ax =0, s0 it is undefined, of has no

slope.

48. False: perpendicular lines satisfy the eqnatlon .

my By =1, 0r my = !
H T -
iy

4. Acy=m(x—x)ty
1
=—{x+3)+4
y 2(x )

1
ory—4=n(x+3
Ty 2(x )

50.E.

51.D:y=2x-5
0=2x-5
§5=2x



53. (a) y = 5632x — 11,080,280

(b) The rate at which the median price is increasing in
dollars per year

(¢} y=2732x~ 5,362,360

(d) The median price is increasing at a rate of about
$3632 per year in the Northeast, and abont $2732
per year in the Midwest. It is increasing more rapidly
in the Northeast.

54, (a) Suppose x°F is the same as x°C.

x=—9—x+32

(i—i—)x =32

4
-—x=32
3 x
x =40
Yes, —40°F is the same as ~40°C.
{b)

{90, 90} by [ 60, 66}

Ht is related because all three lines pass through the
point(—40,.—40) where the Fahrenheit and Celsius
temperatures are the same.

55. The coordinates of the three missing vertices are (5, 2),
(-1, 4) and'(=1,£2), as shown below,

¥y
6 L.
2. 3)
) (5,2)
-1, 0]
) 6
¥
6 L
("“Ia 4) i
L {2,3)
(-1, 1} :
@0 6"

56.

Sectionl.l B

Suppose that the vertices of the given guadrilateral are
{a, B), {c, d), {e, ), and (g, ). Then the midpoints of
the consecutive sides are

w a+c,b+d X c+e’d+f Ly e+g’f+h )
2 2 2 2 2 2
and z[ 832 hth

2 2
connected, the slopes of the sides of the resulting

figure are:

J. When these four points are

d+f _b+d
wx: 22 . JP
c+e_a%c e—a
2 2
frh_d+f
XY:—2 2__ho
etg cte pg-¢
2 2
fth_htd
AR 2 2 =fwb
e+g__g+a e~ a
2 2
h+bmb+d
wzi-2 2 Fod
‘gta_atc g-c
2 2

Opposite sides have the same slope and are paraliel.



6 Section 1.2

57. The radius through (3, 4) has slope :—-%) 3

The tangent line is tangent to this radius, so its slope is

=L = 23 . We seek the line of slope _3 that passes
4/3 4 4
through (3, 4).

I £

3
=——{x—3)+4
y 4(x )
9
=—Zx+=+4
Ty
.
YETTG

58. (a) The equation for line L can be written as

= —éx + < , 80 its slope is _4 . The perpendicular
B B B

*

B
line has slope = " and passes through (g, ), so

-AlB

its equation is y= Z(x —a)+b.

(b) Substituting %(x —a)+ & foryinthe equation for line
L gives:
B
Ax+ B X(xma)ﬁ-b =C

Alx+B*(x—~a)+ ABb = AC
(A’ + BY)x = B’a+ AC— ABb

_ B*a+AC-ABb
A%+ Bt
Substituting the expression for x in the equation for line
L gives:
B*a+AC— ABb
S |+ By=C
[ A%+ B? ]
By= —A(B%a+ AC— ABb) CA*+BY
A*+ B A*+ B
By= —AB%a~ A*C+ A’Bb+ A*C+ BPC
A%+ B?
A’Bb+ B*C~ AR
By= )
A*+ B
_A*h+BC-ABa
Al p?

The coordinates of  are
Bla+AC— ABb A*b+ BC— ABa
A2+ B? AA+pt ]

{c) Distance

my(x-a) +(y- by

2 2
Bla+ AC~— ABb a A2b+Bc ABa
At B A%+ B?

Bla+ AC— ABb - a(A2+32) A2b+BC ABa— b(A%B?)
A4 B A+ B

At gt A+ B

A(C Bb~ Aa) +(B(C ~da— Bb)}z

Al+ B At p?

|
|
\/AC ABb - Ala } +[BC—ABa—-szJ2
i

(C Aa—Bb)?®  BHC - Aa - B
+
P+ By (A% + 8%y

. [(A2 + BYYC — Aa— BbY:
y (A2 + B

_ [(C~Aa-BbY
A% 4 gt
IC Ad - Bbs
VA% 4Bt

_Nda+ap-cl

VAT + B

Section 1.2 Functions and Graphs
(pp. 12-21)

Exnploration 7 Composing Functions
Ly;=gaf,y,=fog '

2, Domain of y,; [~2, 2] Range of y,: [0, 2]

5

|

{~4.7, 4.7) by [~2, 4.2}

Yo

~

Yot

//"

[~4.7, 47] by [~2, 4.2]

Yai

N

(~47, 471 by -2, 4.2]




3. Domain of y;: {0, =); Range of y,: (—o», 4]

Yai

AN

[—2, 6] by [~2, 6]

4 3= 3,0 = 3 (0 = a— 52

Yo = 0 = 4= () =4 —(x)2 =4-x,x20

Ouiclks Review 1.2
1. 3x—1<5x+3

-2x54
x=-2

Sohation; |2, o)

2.xx-2)>0

Solutionsto x{x — 2y =0 x =0, x =2

Test x =—1:
Testx=1:

Testx=3:

~1~1-2)=3>0
x(x—2)>0is tme when x <0.
{1-2)=-1<0

x(x-2)>0isfalse when O <x <2,

IB-D=3>0
x(x—2)> 0 istrue when x > 2.

Solution set; (~oe, O} L (2, =0}

3. |x~3|<4

-4< x-3<4

-1 £xg7

Sotution set; -1, 7}

4.|x-2| 25

x—-2<-50rx-2235
x<-3orxz2"7

Solution set: {(—os, =3 WU [7, o)

5 x%<16

Solution to x%= 16 x=~4,x=4

Test x =6

Testx=0:

Testx=6:

(~6)* =36>16

x* <16 is false when x <~4
0*=0<16

x> <16 istme when —4 <x <4
6> =36>16

x* <16 is false when x > 4.

Solution set: (—4, 4)

Section 1.2 7

6.9-x"20
Solutions 10 9 —x% =0 x=-3, x =3
Testx=—4: 9-(-4)>=9-16=-7<0
9—x% 20 is false when x < —3.
Testx=0: 9-0°=9>0
9-x%>0istme when ~3<x <3,
Testx=4: 9-4*=9-16=-7<0
9 x% 2 0 is false when x > 3.
Solution set; [~3, 3]
7. Translate the graph of £ 2 units left and 3 units downward.
8. Translate the graph of £ 5 units right and 2 units upward.

9. (a) flx)=4

P -5=4

¥ -9=0

(x+3¥x—-3=0
x=~3orx=3

(b} flxy=-6
x*—5=-6
x%=-1

No real solution
10. &) f(x)=-5
1

x

x

WA -

) f(x)=0

1o
X

No solution
1t.@ fix)=4
Nr+T=4

x+7=16
x=9

Check: 8+7 = /16 = 4; it checks.

b flx}=1
x+7=1
x+7=1

x = -6

Check: —6+7 =1: it checks.
12. (&) fix)=-~2

Yx—-1=-2
x~1=-8
x=-7
(b) flo=3
Yx-1=3
x—F=27

x=28
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Section 1.2 Exercises

dV
1. Ald)= ’JT(E)

47 2
Ald) = w[—g-’l] = (2 in)? = dwr in®

N

2. his)= —;s = 3?3111 =1.5v3m

3.5()=6*=6(5f) =625 £9)=150"

4, v(r)= gwﬂ = %w(':scmf

= %71’(27 em?) = 36ar e’

5. (a) (—oa, vo) or all real numbers
(b} (==, 4]
(¢}

5-
3_

l -
} 1 1

[ o— 1
X
37 - T\3
=3k

6. (@) (oo, ) or all real numbers
(b} {9, =)
(©

7. (a) Since we require x ~ 1 2 0, the domain is [1, eo).

{b) 2, =)

{c)
¥
5_
2- /
1_

T
-l L

8. (a) Since we require —x 2 0, the domain is (~ee, (]
(b} (—ee, U]
()

]
|
|
e

=)
[ 5

4L

9. (a) Since we require x — 2 % 0, the domain
i (oo, 2) L (2, o0).

(b} Since M}Mﬁ“ can assume any value except 0, the range

18 (—o0, O) L (D0, =0),

(c)

5L
19. (a) Since we require —x = 0, the domain is (—<e, 0].
{b} 10, e}
()

]
w2 b

11. ¢a) Since we require x # 0, the domain is
(ee, 0) L {0, =)
1 1
{b) Note that — can assume any value except 0, so 14~
x : X
can assume any value except 1:
The range is (—o0, 1) W (1, o),
(©

m1|lill

-5 K1 5

—



12. () Since we require %% %0, the domain is
(oo, 0) L (0, oo}

(b) Since m}:im > for all x, the range is {1, «).
x

©

13. (@) (oo, oo) or all real numbers

(b} (—oe, ) or all real numbers

{c)

i

]

[-4.7, £71 by 3.1, 3.1]
14. {a) Since we ‘reqtiire 3 — x 2 (), the domain is (—oo, 31
(b) [0, =)
(¢

N

4.7, 47 by [-1, 7]
15. (a) (oo, o) Or ali real numbers

{b) The maximum function value is attained at the point
(0, 1}, so the range is (-0, 1].

{©

T

A

[~4.7,4.7) by [-3.1, 3.1]

16. (a) Since we require 9 —x% 2 0 the domain is [-3, 3}

®) 10, 3]

£

[-4.7,4.7) by [-2, 4]

Section1.2 9

17, (a} (o0, o2} or all real numbers

(b) Since x*° js equivalent to Yx? , the range
is [0, o)

{c}

"“‘m\//"‘"

[-4.7,4.71by [-3.1, 3.1}

18. (a) This function is equivalent to y =y« , 0 its domain
is [0, o9),
(1) [0, e2)
{©)

[-4.7,4.7] by {-1, 5}

19, (&) (~oo, o) or 8l real numbers

(b) {00, o} or all real numbers

(c)

mw__,___.“-»'"‘/
(64, 941 by (3.1, 3.1)

20. (a) Since (4 ~ %) > 0, the domain is (-2, 2)
(1) [0.5, o)
()

e

[~4.7, 47 by [-3.1, 3.1]

21. Even, since the function is an even power of x.

22, Neither, since the function is a sum of even and odd
powers of x.
23. Neither, since the function is a sum of even and odd

powers of x (x' + 2x%).
24. Even, since the function is a sum of even powers of

x(x2 S )
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25, Even, since the function involves only even powers

of x.

26. Odd, since the function is a sum of odd powers of x.
27. Odd, since the function is a quotient of an odd function
(Jcs) and an even function (Jc2 )

28, Neither, since, (for example), y-2) =

W2)=0.

29. Neither, since, (for exampie), y(~1) is defined and y(1) is

undefined.

30. Even, since the function involves only even powers

of x.
31. ()

N/

{~4.7, 4.1 by [~1, 6)
(b) (—oo, =) or all real numbers
(€} [2, =)
32.@a)

{—4,4]by [-2, 3}

{h) (o0, =) or all real numbers

(€} [0, =)
/

33. ()
1-3.7, 5.7) by [~4, 9]

(b) (~oe, oo} or all real numbers

(€) (=0, e} or all real numbers

34, (@

[~2.35,2.35] by [~ 1,3]

(D) (o0, o0} or all real numbers

(c) [0, =}

35. Because if the vertical line test holds, then for each
x-coordinate, there is at most one y-coordinate giving a
point on the curve. This y-coordinate would correspond
to the value assigned to the x-coordinate. Since there is
only one y-coordinate, the assignment would be unique.

36. If the curve is not y = 0, there must be a point (x, ¥) on the
curve where y # 0. That would mean that {x, ¥) and (x,
—y) are two different points on the curve and it is not the
graph of a function, since it fails the vertical line test.

37.No

38. Yes

39. Yes

40. No

41, Line through (0, M and (1, 11 y=x
Line through (1, Dand 2,0 y=—x+ 2

_lx 0zx<5l
f(x)—{-x+2, lex<2

2, 0<x<1

0, I1€x<2

4 flxr=1y 25J;<3
0, 3sx<s4

43, Line through (0, 2} and (2, 0): y = —x +2

0-1 -1 1
Line through (2, 1) and (5, 0): m = —ov = o s ome =
ine through (2, Hand (5, 0): m 3573 3

i i 5

= _.2 ..1.]_:_-____ + =

50 y 3(x ) 3x 3
~-x+2, 0<xg22

fx= —%x+§, 2<x<5

44. Line through (—1, 0} and (0, -3):

~3-0 -3
= 3 =~3x—-3
i Om(ml) 1 SOy >4

Line through (0, 3) and (2, -1):

~1-3_—4
== soy=—2u+3
ST T
_[-3x-3, -1<x<0
f(x)“{—2x+3, 0<x<2

./ "‘“-\5

T



45. Line through (~1, D) and (0, 0): y =~x
Line through (0, Ly and {1, I y=1
Line through (1, 1) and (3, O):

I
3-1 2 27
1 P 3
= 3] = ——
$0 ¥ 2(x H+1 2x 5
-X, -ISJC<0
fxy=1<1 D<xst
wv]:»x“h»%, l<x<3
22

46. Ling through (-2, 1) and (0, 0); y= _;_ x

Line through (0, ) and (1, 0): y=-2x+2
Line through (1, -1} and (3, -1} y=-1

—l—x, 25xs0
2

f&xy=1-2x+2, 0<x<1
“1s I<x<3

47, Line through [%, 0) and (T, 1)

FIT T ety T s
r-rizy r T 2
0, Gﬁxs-;:
f=1,
mx....]‘ ’”’“(IST
T

T
A, 0gsxr<—
*<3

—A, z:Sx-:T
2

48, f(x)=1
A, T5x<§—z
2
—A, %T«Sx£2T
49, (a)
A

AN

[-9.4,9.4] by [-6.2, 6.2]

Note that f(x)= —tx —3| +2, soits graph is the graph

of the absoluate value function reflected across the
x-axis and then shifted 3 units right and 2 units upward.

(B) (o0, )
(€} (==, 2]

Section 1.2 11

50, (a) The graph of f(x) is the graph of the absclute value
function stretched vertically by a factor of 2 and then
shifted 4 units to the left and 3 units downward.

N4
A%

{—10,5) by [-5, 10]
{b) (—ee, =) or all real numbers

(¢} [-3, <)
5L @) figl))= (xX*-3)+5=x%+2

) g(fxP=(x+5%-3
=(x2 +10x+25)-3
=x° +10x+22
©@F (g0 =0*+2=2

Wg(fON=0+10-04+22=22

®© g (@-2)=[(-2)-3P~3=12-3="2

OO =(x+5)+5=x+10
52.@fg)=@E-D+l=x

®Meg(fN=Gx+)~-1=x

@ fn=0

Mg (fEON=0

®gE-D)=2=~1=-3-1T=—4

BN =x+1)+1=x+2

53. (a) Since (fog)(x)= «/g(x}-S =x* -5, g(x)=x%.

(b) Since (feg)x)=1+ L = x, we know that
glx)

1
——=x-1 = e,
prans x-1, so g(x) s

(€} Since (fog)(x)= f&} x )=

X

(@) Since (fog)(x)=f(x)= ||, f(x)= 12

The completed table is shown. Note that the absolute
value sign in part (d) is optional.

x| k) (feg)(x)
x* x=5 x2—3
M}m l%l x x#—1
x—1 X
1 1 nxz20
x x
Jx X2 x[, x20
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54, (a) y = 2.893 x* ~ 24.107 x'+ 590.214
(b)

[0 IS] by [500, 800}

(e) y=2.893( 8) —24.107(18) +590.214
=937.332-433.926+ 590.214
= $1093 million or $1.093 billion

(d) linear regression: y=33.75x + 312.5
v=33.75(18) + 312.5 = $920 million in 2008.

55. (a) Because the circumference of the original circle
was 8 o and a piece of length x was removed.

8'.'r—xﬁ‘4 x

() r= 27 Ton

(© h=~16-r*

V= %mzh

:lW[SW x)2 V‘I6¢rx x?

3 2ar

(87r x)zxfiﬁfrrx - x?

24qr?

56. (a) Note that 2 mi = 10,560 ft, so there are /8007 + x>
feet of river cable at $180 per foot and (10,560 ~ x)

feet of Jand cable at $100 per foot. The costis
C(x) = 180v800% + x* +100(10,560~ x)

by  C(0)=8§1,200,000
C(500) = $1,175,812
C(1000) ~ 81,186,512
C{1500) = $1,212,000
C(2000) ~ $1,243,732
C(2500) = $1,278,479
C(3000) = 81,314,870

Values beyond this are all larger. It wouid appear that
the least expensive location is less than 2600 ft from

point P,

57, False: x* +x% + x# (—x)* + (-x)2 +(-x).
58, True: (—x)° =~x3

59, B: Since 9~ x* > 0, the domain is ~3,3)
60 Aryzl

6L.D: (fogX2)= f(x+3X2)=2x+3—1
=202+ 3)=1=2(5)~1=10~1=9
62.C: A(w) = Lw
L=2w
A(w) = 2w?

63. (a) Enter y, = f(x)=x-17,y, = g(x) = J;,
={fo g)(x} = y{y{x)), and
Y=g o N2} =y, (X))
fog: gof:

P

{~10, 70] by {10, 3] [-3, 201 by [-4, 4]
Domain: {0, o) Domain: {7, oo}
Range: [-7, =) Range: [C, =o)

®) (fogXx)=x-7 (8o HIx)=Vx—7
64. () Enter ¥ = flx)y= l—xz,y2 = p(x)= \/; s
1= (fo @)y = y,( (%)), and y, = (g o H(x)

= yo yi(%))
fog

N,

AN

{6, 6] by { 4,4}
Domain: {0, o)

Range: (o, 1]
gof

LN

[~2.35,2351 by [~1,2.1]
Domain: [~1, 1]
Range: [0, 1]
) (fog)(x)=1-(WxP =1-x,x20
(o N =V1-5*

P
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65. (a) Bnter y, = f(x)=x>—3,y, = g(x) =[x +2, gof:
¥3= (Fo )= 10:0)), and yy = (g o f)(x)
= Y(n ().
fog: /-_'

/ [~9.4, 941 by [~6.2,6.3]

> Domain; (—ee, ~3) U {3, =)

Range: (o0, =3} (=3, o0)

{~10, 10} by [-10, 10}

2[3x+1)_1
D in: -2, = -
omain: [2, ) B (Fog)in)= 2l
Range: [-3, ) 2-""*“ +3
gof:' —X

L 20x+ D) —(2-x)

*Gxrhiic—n 7l
Tx
= x%2

7
‘ =X, x#E2
(4.7, 4.71 by (-2, 4] 3( 2x— 1J+1
Domain: {—es, —17U [1, o0) _ L x+3
o (.19, (gof)(x)—-——~—-——~2 S
. T x43

) (fog)(x)=(x+2)'-3 32x-D+(E+3)

={x+2)~-3,x=-12 _2(x+3)—(2x—1)’
=x-lxz~2 Tx

%3

] . = X363
e e
(8o D =(* -3 +2=4x* -1 e vea
2Zx~1 3x+1
66. (a) Ente = =y, = . 67 (a
(a) Enter y,(x)= f(x) 32T (@)
¥3=(fo )X = 3,( »,(0), and y, = (g o £ )(x) y
=y, (D). L5k
Use a “decimal window” such as the one shown.
f° g‘. 1 L
/ 2 0 %
- -1.5F
[-9.4,9.4] by [-6.2, 6.2} ®)
Domain: (e, 2) U (2, o) 3
Range: (—ee, 2) U (2, =) 1.5}
;. WA —x
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68. (a) | (b)
¥y
2 N
O { et} '
1 'y ry Loy
3 4 T
[ S N L
mz i .
(b 1. (a)
y
21
_ -
L S
L & & kvt X0 =3, 31by -1, 31
o S | I

{b) Domain of y,: [0, «}
Domain of y,; (~ee, 1]

38 Domain of y;: [0, 1]

69. (a) {e} The functions y; — ¥y, ¥, — ¥, and y, - ¥, all have
domain [0, 1], the same as the domain of y, + y, found
in part (b}.

Domain of 2&: {0,1)
Y2

2 Domain of 22 (0,0
31
{d) The domain of a sum, difference, or product of two
functions is the intersection of their domains.
The domain of a quotient of two functions is the
® intersection of their domains with any zeros of the
¥ denominator removed.

72. (a} Yes. Since
13 (F+ @)(—0) =F () » =) = £ (x) » g(x) = (fo ), the
' function { f+ g)(x) will also be even.

(b) The product will be even, since

(f o gX=x)= fl=x} g(—x)
={—f(xP s (~g(x)

-1.3 1 = f(x)« g(x)

= (f « gXx).

Section 1.3 Exponential Functions
13 {pp. 22-29)

Exploration 1 Exponential Functions
1

3 ) g %

_..._—d

-2 -1 13 2

70. (a)

1.3+

[~5, 51 by [-2, 5]



2.x>0
3. x<0
4, x=0
L

\

[~5, 5] by [-2, 5}

\—

6. 2 <3 <5  forx <0, 275 >3 57 for

x>0, 275 =3 =5 forx=0.

Onick Review 1.3
1. Using a calculator, 5°° = 2,924,

2. Using a calculator, 3V2 ~ 4729,
3. Using a calculator, 3= 0192
4. >=17

x=317

x=2.5713
"5, A =24

x=32

x=1.8882
6. x'0 = 14567

x=+'91.4567

x=~+1.0383
7. 500(1.0475)° ~ $630.58
8. 1000(1.063)" ~ $1201.16
(x”3y2)2 . xdﬁy‘%
* (x4y3)3 x12y9

=y 6129

= x18y75

2 -1
&b atc? AT
10. ] 3 =% i
¢ b c ac
& B
ITE it i) e
bt ot
= @Sy ez

az

zaﬁb—ic—6 - mwg
bc

Section 1.3 Exercises

N

[~4, 4] by [-8, 6}

Domain: {—co, o)

s

Range: (—=, 3)
2.

(4,41 by {—2, 10)

Domain: {—ss, s}

Range: (3, )

3.
b4, 4] by [-4, 8

Domain: (—oe, o0)

.,

N

Range: (-2, o)
4,

a

[~4,4}by [~8,4]

Domain: (—ea, s0)

Range: {—s, ~1)
5. 92.’&' = (32)11,‘ - 34){
6- 163)£ - (24 )31 = 2]21(

1 2x
7. [g) = (2*3)2:( - 2“”5).‘

1 X
8.1 —| =3 =37
(27) ¢

9. x-intercept: =~ ~ 2,322
y-intercept: ~4.0

10. x-intercept: ~ 1,386
y-intercept: ~3.0

Section 1.3

15
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11, x-intercept: =~ ~0.631
y-intercept: 0.5

12, x-intercept: 2.0
y-intercept: = 1.585

13. The graph of y =27 is increasing from left to right and has
the negative x-axis as an asymptote. (a)

A
14. The graph of y =37 or, equivalently, y= (é] ,is

decreasing from Ieft to right and has the positive x-axis as
an asymptote. (d)

15. The graph of y =—37" is the reflection about the x-axis of
the graph in Exercise 2. (e}

16. The graph of y = ~0.5™ or, equivalently, y = ~277,
is the reflection about the x-axis of the graph in Exercise 1.
(e)

17. The graph of vy =27 — 2 is decreasing from left to right
and has the line y = -2 as an asymptote. (b}

18. The graph of y =1.5" — 2 is increasing from left to right
and has the line y = -2 as an asymptote. H

1,935
19. (a) T§§"§ =1.0443
1,998

"if§§§ =1.0326

2,095

1,998

2,167

2,095

2,241

2,167

=1.0485
= }.0344
=1.0341

{b) One possibility is 1,853(1.04)"
(€)1,853(1.04)" = 2967 thousand or 2,967,000

7,000

20, (a) "6f§5f =1.0143
7,078
7,600
7,193
7078
7,288
7193
7,386
7,288

=1.0111
=1.0162
=1.0132
=1.0134

(b} One possibility is 6,901 (1.013)"
(¢) 6,901 (1.013)'* = 7852 thousand or 7,852,000

21, Let ¢ be the number of years. Solving
500,000 (1.0375) = 1,000,000 graphically, we find

that # = 18.828. The population will reach 1 million
in about 19 years.

22, (a) The bopalation is given by P(f) = 6250 (1.0275Y,
where ¢ is the number of years after 1890,
Population in 1915: P(25) = 12,315
Population ins 1940: P(50) = 24,265

(b) Solving P() = 50,000 graphically, we find that
t = 76.651. The population reached 50,000 about
77 years after 1890, in 1967.

1 /14
23. (@) A(r)= 6.6(5]
(b} Sotving A(#) = 1 graphically, we find that
t = 38.1145. There will be 1 gram remaining after
about 38.1145 days.

24. Let ¢ be the number of years. Solving 2300 (1.06)" = 4150
graphically, we find that ¢ =~ 10.129. It will take about
10,129 years. (I the interest is not credited to
the account until the end of each year, it will take
11 years.} -

25, Let A be the amount of the initial investment, and
let ¢ be the number of years. We wish to solve
A (1.0625) = 24, which is equivalent to 1.0625' = 2,
Solving graphically, we find that £ = 11433, It will take

about 11.433 years. (If the interest is credited at the end of
each year, it will take 12 years.) '

26. Let A be the amount of the initial investment, and
let ¢ be the number of years. We wish to solve

12
A(H— g(;%s—) = 2 A, which is equivalent o

12t
[I + ngl%%é} = 2. Solving graphicatly, we find that

t= 11.119. It will take about 11.119 years. (If the interest
is credited at the end of each month, it wiil take 11 years 2
months.}

27. Let A be the amount of the initial investment, and
let £ be the nurmber of years. We wish to solve

A e 24 which is equivalent to 2% = 2,
q

Solving graphically, we find that # = 11.090. Tt will
take about 11.090 years.

28. Let A be the amount of the initial investment, and let ¢ be
the number of years. We wish to solve A (1.0575) =34,

which is equivalent to 1.0575" = 3. Solving graphically,
we find that 2= 19.650. It will take about 19.650 years.

(If the interest is credited at the end of each year, it will
take 20 vears.)



29. Let A be the amount of the initial investment, and fet
t be the number of years. We wish to solve

365¢
A1+ 00575 = 3A, which is equivalent to
365
383t
[ 1+ 9%;-5-’) = 3. Solving graphically, we find

that t =19.108. It will take about 19.108 years.

30. Let A be the amount of the initial investment, and let t be

the number of years. We wish to solve A 0O =34

which is equivalent to- ¢>®7' = 3. Solving graphically, we

find that £ = 19.106. It will take about 19.106 years.

31. After ¢ hours, the population is P(f) = 27% or,
equivalently, P{f) = 2% After 24 hours, the population is
P24y = 2% = 2.815 x 10" bacteria.

32. (a) Each year, the number of cases is 100% — 20% =

80% of the previous year's number of cases. After
t years, the number of cases will be C(8) =

10,000 (0.8, Solving C(#) = 1000 graphically,
we find that ¢~ 10.319. It will take about 10.319 years.

(b) Solving C(¢) = 1 graphically, we find that
t=41.275. It will take about 41,275 years.

33.
x M Ay
i -1
2
2 1
2
3 3
2
4 5
M.
X Y Ay
1 1
-3
2 -2
-3
3 -5
=3
4 -8
35,
X ¥ Ay
1 1
3
2 4
5
3 9
7
4 16

Section 1.3 17

36.

X ¥ ratio

1 8.155
2.718

2| 22167
2718

31 60.257
2718

4 1 163.794

37. Since Ax = 1, the corresponding value of Ay is equal to the
slope of the line. If the changes in x are constant for a
linear function, then the corresponding changes in y are
constant as well.

38. (a) When £ =0, B = 100 £ = 100. There were
100 bacteria present initially.

(b) When t = 6, B = 100 %) = 6394,351. After
6 hours, there are about 6394 bacteria.

(¢) Solving 100¢®5%% = 200 graphically, we find that
£ = 1.600. The population will be 200 after about
1 hour, Since the population doubles {from 100 to 200)
in about 1 hour, the doubling time is about 1 hour,

39. (a) y = 14153.84 (1.01963)"

..,.m«-""'"_‘M

[, 259 by {5000, 30000)
{b) Estimate: 14153.84 (1.01963)* = 22,133 thousand or
22,133,000

22,133,000 — 22,119,000 = 14,000. The estimate
exceeds the actual by 14,000.

14,229

et DEET 0,02 or 2%
(32.13%)(23) orssw

(©)

40. () vy = 24121.49 (1.0178)*

L

{5, 25} by [— 5000, 40000
(b) Estimate: 24121.49(1,0178)% == 36,194 thousand or
36,194,000.
36,194,000 — 35,484,000 = 710,000.
The estimmate exceeds the actual by 710,000.

© =28 __ 5018 or1.8%
(36,194)X23) ,
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48, Since f (1) = 4.5 we have ka = 4.5, and since

1. Fase, 372 =~ =L 1is positive

29 ' : F(-1)=0.5 we have ka' =05,
42. True, 43= (22)3: o6 Dividing, we have
’ ka 45
43, D. y=pe -l 05
—4_—09‘ B 20060.0451 az - 9
200 200 a=13
m (2m e0.045t) .
In 2=0.045t Since fix) = k- a” is an exponential function, we require
_ In2 =15.4 veass a>0,s0a=3.Then ka = 4.5 gives 3k =4.5,s0k=1.5.
o045 Y The values are g =3 and k= L.5.
44. A. 49, Since £ (13 = 1.5 we have ka = 1.5, and since f(—1) = 6 we
45.B. have ka~! = 6. Dividing, we have
46. C, f(x)=4~¢* ka _ 15
O=d-e ka? 6
vt +et a* =025
In(e* =4 o =503
x=lnd Since f{x) = k - a* is an exponential function, we requite
x=1.386 >0, s0a=0.5. Then ka = 1.5 gives 0.5k = 1.5, so
47. (a) k=3.The valuesare a=0.5 and k= 3,
Quick Ouiz (Sections 1.1-1.3)
1.C m=-2
y=-1
—1=-2(3)+5
~}=-6+35
[~3,5]by {2, 10] ~1=-1
In this window, it appears they cross twice, although a 2.0, 8= ~1=d-1=3
third crossing off-screen appears likely. F =3P +1=9+1=10
(b) 3.E
x change in ¥1 change in ¥2 4. (a) (—so, =)
] s
3 2 (b) (-2, )
2
5 4 €y 0=e"-2
3 n2=-x
7 8 x =~0.693
4 . s
Tt happens by the time x= 4. Section 1.4 Parametric Equations
(pp.30-36)

(c) Solving graphically, x = -0.7667, x=2,x =4, )
Exploration 1 Parametrizing Circles

(d) The solution set is approximately ]
1. Each is a circle with radius |¢|. As Ja| increases, the

(-=0.7667, 2) (4, o). ) ) )
radius of the circle increases.

(7
N2

[~4.7, 471 by [~3.1, 3.1}

e
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]
o
A
by
1A
ISR |

N

[~4.7, 4.7 by [—3.1,3.1]
0<i<m initial peint: (0, 3)
terminal point: (0, —3)

(47, 470by [-3,3.1)

3 TELS2w
T
Ot~ initial point: (-3, 0)
terminal point: (3, 0)
[—4.7, 47 by [—3.1, 3.13
2 << dar: %Eﬁts&zr

initial point: (0, —3)
terminal point: (-3, 0)

N

LIS S

initial point: (-3, 0}
terminal point: (-3, 0)

[~4.7, 4.7 by [~3.1, 3.1] 4. For 0 £ ¢ < 2o the complete circle is traced once

o clockwise beginning and ending at (2, 0).
Let d be the length of the parametric interval, If d < 2w,

d For r < 1 < 39 the complete circle is traced once
you get . of a complete circle. If d = 2, you get the clockwise beginning and ending at (-2, 0).

complete circle. if d > 2, you get the complete circle but
portions of the circle will be traced out more than once.
For example, if d = 4 the entire circle is traced twice. starting at {0, —2) and ending at (0, 2).

a
N

For g << —?’—g— the half circle below is traced clockwise
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Exploration 2 Parametrizing Ellipses
la=2,b=3

AN
A

[—12, 12] by [~8, 8]

a=2,b=4

R
W

[—12, 12] by [-8, 8]

a=2,b=5

Mo
\/

{-12,12] by {8, 8]

()
\/

[—12, 12} by [~8, 8]

AN
N

(9, 91 by [—6, 6]

T
N

(=9, 91 by (6, 6]
N
N

[~9, 9] by [~6, 6]

a=2,b=6:

2a=3b=4

a=5b=4

a=6,b=4:

a=Tb=4
19, 91y [-6.6]°
3.1 la| > |bl, then the major axis is on the x-axis and the

minor on the y-axis. If g} <|b|, then the major axis is on

the y-axis and the minor on the x-axis.

w
4.0t
0=t 5
{—6,6]1by [4,4]
0<t<m
[~6, 6] by [—4, 4]
eszséﬂz
2
{—6, 6] by [—4, 4]
0ses4m

[—6, 6] by [—4, 4]
Let d be the length of the parametric interval. If d < 2,

you get —;—— of a compiete ellipse. If d = 2, you get the
qr

compiete elfipse. If d > 2, you get the complete ellipse but
portions of the ellipse will be traced out more than once.
For example, if d = 4 the entire ellipse is traced twice,

P



50<e<2m

Vet AR
M b

[~6, 6] by [—4, 41
initial point: (5, 0}
terminal point: (5, 0)

wEIE3m

TN
A

[—6, 6] by [—4, 4]

initial point: (-3, ()
. terminal point: (-5, 9}

3

StE—
2

IR

M

[—6, 6] by [—4, 4]
initial point: (0, -2)
terminal point: {0, 2)
Each curve is traced clockwise from the initial point to the
terminal point.

Exploration 3 Graphing the Witch of Agnesi
1. We used the parameter interval [0, #] because our graphing
calculator ignored the fact that the curve is not defined
when ¢ ={ or =. The curve is fraced from right to left
across the screen. x ranges from oo to oo, '

2. -ZercZ,
2 2
[—5,5 by [-2,4]
0<rs£:‘
2

.\M\.—_ .

{35,351y [~2,4]

Section 1.4 21

31Sif<'ﬂ':
2.

Tl

[-5, 5} by [2,4]

For —g— << 323: , the entire graph described in part 1 is

drawn, The left branch is drawn from right to left across
the screen starting at the point (0, 2). Then

the right branch is drawn from right to left across the
screen stopping at the point (0, 2). If you leave

out wgw and ig—, then the point (0, 2) is not drawn.

For 0<t= —g, the right branch is drawn from right to left
across the screen stopping at the point (0, 2). If you leave

out g», then the point (0, 2) s not drawn.

Yor % <t < 17, the left branch is drawn from right to left
across the screen starting at the point (0, 2). If you feave

out 172_ then the point {0, 2) is not drawn.

3. If you replace x = 2 cot £ by x = 2 cot 1, the same graph is
drawn except it is traced from left to right across the
screen. If you replace x = 2 cot t by x = 2 cot (7 — 1), the
same graph is drawn except it is traced from left to right
across the screen.

Quick Review 1.4

tm=osBo5_ 3

4-1 3 3
y=-—§-{x—l)+8

2
4, When y = (), we have %- =1, 50 the x-intercepts are

2
-3 and 3, When x = 0, we have —Iygml , 50 the

y-intercepts are ~4 and 4.

2
5. When y = 0, we have ?g =1, so the x-intercepts are

2

—4 and 4. When x = 0, we have ~ %* =1, which has

no real solution, so there are no y-intercepts.
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6. When y = 0, we have 0 = x + 1, so the x-intercept
is —1. When x = 0, we have 2y* = 1, 5o the y-intercepts are

- and L
V2 o2
7.t) 202+ 12 L3
3=3 Yes

() 2-12(-D+(-1? £ 3
—241=3
~1¢3 No

. 2
© 2[%} D+22 13
~1+423
3=3 Yes
8. (@ 9(1) ~18()+4(3) =27
9-18+36227
27=27  Yes

(b) 9 ~18(1)+ 4(=3)? % 27
9-18+362 27

21=27 Yes
(€) 9(-1)% ~18(-1)+4(3)° %. 27
9+18+36= 27
63#27 No
9.(@) 2x+3t=-5
U=-2x-~5
-2x-5
t=
3
(b) 3y-2t=-1
—2t=-3y~1
2=3y+1
t23y+1
2

10. (a) The equation is true fora 2 0.

{b) The equation is equivalent to “ Va’® =a or Va® =-a.”

Since Va® = a is true for ¢ 2 0 and Va® =—a is true
for @ <0, at least one of the two equations is true for
all real values of a. Therefore, the given equation

x/a—z = +a is true for all real values of a.
{¢) The equation is true for all real values of a.

Section 1.4 Exercises
1. Graph (¢). Window: {—4,41 by [-3,3], 0<t<27w

2. Graph (a). Window: {2, 2} by [-2,2],0¢< 27
3. Graph {(d). Window: [-10, 10] by [~10, 10], 0S¢5 27
4. Graph (b). Window: [-15, 151 by [-15, 15], 0ss2 27

5.()

\

[3.3by -1, 3]
No initial or terminal point.

M y=92=03 "= x*

The parametrized curve traces all of the parabola
defined by y = x>

6. (a)

N

1~3,31by [~1,3]
Initiai point: (0, 0)
Terminal point: None
®) y=t=(~1)? =x* o
The parametrized curve traces the left half of the
parabola defined by y = x (or all of the curve defined

by xmw\/;).

7. (@)
aa

-1, 51 by [-1, 3]
Initial point: (0, 0)
Terminal point: None

® y=vi=vx
The parametrized curve traces all of the curve defined
by y= Jx (or the upper half of the parabola defined by
x=y).
8. (a}

{—3,91by{-4,4]

No initial or terminal point.

@ x=sec’t—1=tan’t=y"

‘The parametrized curve traces all of the parabola
defined by x = y*.

NN

AT

,)—"7&\\



9.@a

M

(3,31 by [-2, 2}

Initial point: (1, B
‘Ferminal point: (-1, 0)

() x2+y2= cos®t + sin®t =1

The parametrized curve traces the upper half of the
circle defined by x°+ y* = 1 (or all of the semicircle

defined by y=+vi-x%)

10. (a)

PR
NI

-3, 3by[-2,2)
Initial and terminal point: (0, 1)

) x*+y* = sin® QD +cos? 2a) = 1

The parametrized curve traces all of the circle defined
by x*+ ¥ = 1.

11, (a}

AR

[-3, 3] by [-2, 2]

Initial point: (1, 0)
Terminal point: (0, 1)

(b)x2+y2= cos® (m—D+ s> (r—DH=1

The parametrized curve traces the upper haif of the
circle defined by x*+ y* = 1 (or all of the semicircle

defined by y=+1—x>).

12. (a)

N
N

{~4.7,47 by {—3.1,3.1]
Initial and terminal point: (4, 0)
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2 2
X 2 el -
(b) (4) +(2J cos®r+sin®e=1

The parametrized curve traces all of the ellipse defined

(1)) -

13. (a)

"~
S

[~4.7, 47} by [-3.1, 3.1}

Initial point: (0, 2)
Terminal point: {0, —-2)

2 2
) (i—) -i—(%) =sin® t+cos £ =}

The parametrized curve traces the right half of the

2 2
ellipse defined by (i—) +["§} =1 (or all of the curve

defined by x = 24— y%).

AW
v,

[—9, 91 by {6, 6]

Initial and terminal point: (0, 5)

2 2
) [i—) +(§) =gin’ f+costr=1

The parametrized curve traces all of the ellipse defined

JORG

15. (a)

L/
/

/

-9, 2 by [-6, 6]
No initial or terminal point.
M) y=at-T=224-5)+3=2x+3

"The parametrized curve traces all of the line defined by
y=2x+3.
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16. (a}

AN

{6, 6] by [—4, 4]
No initial or terminal point.
y=1l+r=2-(0~-H=2wx=rx+2

The parametrized curve traces all of the line defined by
y=—x+2.

17. (a3

N

(-3, 3] by [-2, 2]

Initial point: {0, 1)
Terminal point: (1, 0)

My=1-t=l-x=-x+1

The Cartesian equation is ¥ = ~ x + 1. The portion
traced by the parametrized curve is the segment from
(0, 1y to (1, 0.

i8. (a)
SN

{~2,4]by [~1,3]

Initial point: (3, 0)
Terminal point: (0, 2)

(b) y=2t:(21~—2)-§-2:—-§—{3—3t)+2=——%x+2

The Cartesian equation is y= —%—x + 2. The portion

traced by the curve is the segment from (3, 0)
to {0, 2).

1. (a)

N

N\

[-6. 6] by {-2, 6]

Initial point: (4, 0)
Terminal point: None

() y="r=a-(@4-J=d-x=—x+4

The parametrized curve traces the portion of
the line defined by v = — x + 4 to the left of (4, 0), that
is, forx < 4.

20. (a)
.—\""‘\‘\

{-L5}by[-13]

Initial point: (0, 2}
Terminal point: (4, 0)

(b) y=va—1* =Ji—x
The parametrized curve traces the right portion of the
curve defined by y=+/d—x , thatis, for x 2 0.

21 (a)

/T
F 1A

-3, 33by [-2,2]

No initial or terminal point, since the #-interval has no
beginning ot end. The curve is traced and retraced in
both directions.

(b) y=cos2t
= oS’ t—sin’ ¢
=1 2sin° ¢
=1-2x2
=-2x" +1
The parametrized curve traces the portion of the

parabola defined by y = — 2 x* + 1 corresponding
to-12x<1,

22.(a)

‘x%

[—4, 53 by {~4,2]

Initial point: None
Terminal point: (=3, 0)

(byx=1*~3=y"-3
The parametrized curve traces the lower half of the
parabola defined by x = yz — 3 (or all of the curve

defined by y=—x+3}).



23, Using (-1, =3) we create the parametric equations
x=~1+atand y = -3 + bt, representing a line which goes
through (-1, ~3) at # = (, We determing @ and b so that the
line goes through (4, ) when £= 1.

Since 4 =1 + g, g = 5.

Since L =~3+ b, b=4,

Therefore, one possible parametrization is x = ~1 + 5¢,
y=-3+405t5 1.

24. Using (-1, 3) we create the parametsic equations
x=—1+4afand y =3 + br, representing a line which goes
through (-1, 3} at £ = 0. We determine ¢ and b so that the
line goes through (3, -2y att=1.

Since 3=—-14+a,a=4.

Since-2=3+b,b=-3.

Therefore, one possible parametrization is x = ~1 + 4,
y=3-50<5tg1.

28, The lower half of the parabola is given by x = y2 +1
for y £ 0. Substituting ¢ for y, we obtain one possible
parametrization; x= t*+ I, y=17,1 <0,

26. The veriex of the parabola is at (~1, 1), s0 the left half of
the parabola is given by y= x> + 2x for x £ —1.
Substituting ¢ for x, we obtain one possible
parametrization: x =1, y = a2 rs -1,

27, For sitplicity, we assume that x and y are linear fanctions
of 1 and that point (x, y) starts at (2, 3) for
¢ = O and passes through (=1, -1) at ¢ = 1. Then x = f{1),
where £0) = 2 and f {1} =-1.

T2

1-0
x=f{f) =342 =2 -3¢ Also, y= gif), where
gy =3 and g(1) =1,

s

Ax
Since slope = — =
ince slope s

Since slope=éz=:}::~§~x—4,
Ar 1-0

y=g(f) = -4t + 3 =3 41,
One possible parametrization is:
x=2-3tyv=3-4t1t20.

28, For simphicity, we assume that x and y are linear functions
of ¢ and that the point (x, y) starts at (—1, 2) for =0 and
passes through (0, O) at = 1. Then
x=ft), where fll) = -1 and f (1) = 0.

O~ (~1)
1-0
x=f=t+ (1)t +1

Since slope = & = 1,
At
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Also, vy = g(f), where g(0) = 2 and g(1) = 0.
. Ay 0-2
Since slope = — 5 s =
1 P Ar 10
y=g)=-2i4+2=2-2¢
One possible parametrization is:
x=-1+ty=2-24L120,

29, The graph is in Quadrant I when 0 < y < 2, which
corresponds to 1 << 3. To confirm, note that x(1) = 2 and
x3)=10.

30. The graph is in Quadrant 11 when 2 < y 5 4, which
corresponds to 3 <¢< 5. To confirm, note that x{3) = 0 and
x(5y=-2.

31. The graph is in Quadrant Il when —6 < y < -4, which
corresponds to —5 £t <-3. To confirm, note that
xX~-3)=-2and x(-3) =0

32. The graph is in Quadrant IV when ~4 < y <0, which
corresponds to —3 < < 1. To confirm, nole that
x(~3) = 0 and x{1) = 2.

33, The graph of y = x* + 2x + 2 lies in Quadrant I for all
x> 0. Substituting ¢ for x, we obtain one possible
parametrization: x =1, y= £+ 2+ 2, t > 0.

34. The graph of y=+x+3 lies in Quadrant I for all
x 2 0. Substituting ¢ for x, we obtain one possible
parametrization: x =1, y= \/}_-I:S_ t>0,

35, Possible answers:

(@ x=acost, y=—asint, 0<t< 27
(Blx=acost y=asing,0<t< 2w
(Cyx=acost,y=—asint, 0Lr<4a
(d)x=acos t,y=asint,05££4w
36. Possible answers:
(@) x=-acost y=bsint, 05r<2a
(byx=-acost,y=-bsinf, 0 St 2w
(©yx=—acost,y=bsint, 014w
(yx=-acost,yv=-bsint, 0 $r<do

37. False. It is an ellipse.

38. True. Circle starting at (2, 0) and ending at (2, 0).

39.D.

40. C.

41, A,

42.E.
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43, {a) The resulting graph appears to be the right haif of a
hyperbola in the first and fonrth quadrants. The
parameter a determines the x-intercept. The parameter
b determines the shape of the hyperbola, If b is smaller,
the graph has less steep slopes and appears “sharper”.
If & is larger, the slopes are steeper and the graph
appears more “blunt”, The graphs fora=2and b = 1,
2, and 3 are shown,

{10, 10] by [—10, 10}
This appears to be the left half of the same hyberbola.

©

L
N

[-10, 10] by [—10, 10]

N7

One must be careful because both sec 7 and tan f are
discontinuous at these points. This might cause the
grapher to include extrancous lines (the asymptotes of
the hyperbola) in its graph. The extraneous lines can be
avoided by using the grapher's dot mode instead of
connected mode,

(d) Note that sec® 1 —tan’ 7= 1 by a standard trigonometric
identity. Substituting - for sec ¢
a
x 2 2
and 2 fortan t gives | — | — 2 =1
b a b

{e) This changes the orientation of the hyperbola. In this
case, b determines the y-intercept of the hyperbola, and
a determines the shape. The parameter interval

[_“32’:,, 12{) gives the upper half of the hyperbola. The

parameter inferval («Zm %{) gives the lower half.

The same values of f canse discontinuities and may

add extraneous lines to the graph. Substituting Y for

X . N
sectand — fortanfinthe identity sec’ - tant=1
a

y?. xz
ives | £ -] 2] =1.
gives[b] (a]

TR
N L

[—6, 6] EW {—4 4]

The graph is a circle of radius 2 centered at (£, 0). As
changes, the graph shifts horizontally.

’ G

[~6,6}by {4, 4]
The graph is a circle of radius 2 centered at (0, k). Ask
changes, the graph shifts vertically.

44. {(2)

{¢) Since the circle is to be centered at (2, —3), we use
h=72and k = -3. Since a radius of 5 is desired,
we need to change the coefficients of cos ¢ and
sin f to 5.

x=5cost+2,y=5s8ins-3,0<¢5 2o

(@x=5c08t-3,y=2sint+4,0<t<27

45. (a)
\
/)

[-3, 31 by [-2, 2]

No initial or terminal point. Note that it may be
necessary to use a ~interval such as {-1.57, 1.57] or
use dot mode in order to avoid “asymptotes” showing
on the calculator screen.

{b) x*— y?=sec’z— tan"r= 1
The parametrized curve traces the left branch of the
hyperbola defined by x°~ y> =1 {or all of the curve
defined by x =~ Y +1

P



46. (a)

AN
[—6, 6 by [-5, 1]

No initial or terminal point. Note that it may be

necessary to use a #-interval such as {—1.57, 1.57] or

use dot mode in order to avoid “asymptotes” showing
on the calculator screen.

2
(b) (%) wx? =secti—tandre]
The parametrized curve traces the lower branch of the

2
hyperbola defined by {%) ~x* =1 (or all of the

curve defined by y= 24 +1).
47. Note that m.ZOAQ =t , since altémnate interior angles
formed by a transversal of parallel lines are congruent.

Therefore, tan t = ng—%, S0 x= m?mw 2eotr,
AQ X tant

Now, by equation (iii), we know that
2
15 A
AC
AQ
=} -= HA
{ A 0)( N
= {005 £){(x}
= (cos £¥2 cot 1)
_2cos®t
sint

Then equation (i} gives

$% 1

csing=2-2cos* ¢

y=2- ABsing =2 20

=2sin? ¢,
The parametric equations are:
x=2cotr,y=2 sin®r,0<r< o

Note: Equation (ifi) may not be immediately obvious, but
it may be justified as follows. Sketch segment 2B, Then
£LOBQ is aright angle, so AABQ ~ AAQO, which gives
AB_AQ

AQ A0
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48. (a) If x, = x, then the line is a vertical line and the first
parametric equation gives x = x,, while the second will
give all real values for y since it cannot be the case that
¥, =y, as well.

Otherwise, solving the first equation for £ gives
t={x—x)/ (- x),

Substituting that into the second equation gives
y=y+ [ =y — %)Hx - x,)

which is the point-slope form of the equation for the
line through (x,, v,) and {x,, ¥,).

Note that the first equation will cause x to take on all
real values, because (x, — x,) is not zero. Therefore, all
of the points on the line will be traced out.

(b) Use the equations for x and y given in part (a), with 0 <
t=1. :
Section 1.5 Functions and Logarithms
(pp. 37-45) '

Exploration 1 Testing for Iwerses
Graphically
1. It appears that {f» £)(x} = (g o H{x) = x, suggesting that f

and g may be inverses of each other.
(a) fand g:

(b)fog:

(<47, 471 by [~3.0. 31]
©gof

[—4.7,4.7] by [-3.1, 3.1]
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2. It appears that fo g = g o f= g, suggesting that f may be the
identity function.

“(a)fand g:
[—47, 47 by {—3.1, 3.1
(b)fog:
[—4.7, 471 by [-3.1,3.1)
() gof:

[-4.7, 4.7} by‘[—3.1, 3.1}

3. It appears that ( fo g2)(x) = (g o f {x) = x, suggesting that f
and g may be inverses of each' other.

(a) fand g:

=47, 4716y [=3.4,3.1)
©geof

[—4.7, 4T by [-3.1, 3.1}

4. It appears that {f'o g}x) = (g o H(x) = x, suggesting that f
and g may be inverses of each other. (Notice that the
domain of fo g is (0, =) and the domain of g o f

i8 (—o0, oo},
(a) fand g.

=

(4.7, 4771 by [~3.1,3.1]

(b}fog:

[-4.7, 471 by [=3.1,3.1]
) gof

[—4.7, 47} by [+3.1, 3:1]

Exploration 2 Supporting the Product Rule
1. They appear to be vertical translations of each other.

[-1,8iby {2, 43

2. This graph suggests that each difference (p, =y, ~w)isa
constant.

(1, 81by [2,4]
Ioy=y~p=h{m)~lnx=lna+inx—Inx=1naThus,
the difference y, =y, — ¥, is the constant In a.
Quick Review 1.5
L(fegdy=fg(iy=fD=1 "

2.(gof U -N=g(f(-T) =g(-2)=35



3. (Fog)x)= flgle) = F(x* +1)=Y(x* + -1

Z e

(go fXx)=g(fx)=g@x~1)

=@x-12+1
=(x~1*7 +1

»

bl

Substituting ¢ for x, one possible answer is:
x=t, y= L t=2
1 t - 1 ¥ - *

Substituting ¢ for x, one possible answer is:

Ea

x=ty=£ft<-3.

z
£

o

Inkaesection
f=h v |¥=E

{10, 10] by [~10, 10]
(4,3)

R

Tatersection \
H=L BERSHE? JY=-3

[—10, 10] by [—10, 10§

8
(vg, -3} = (2.67,-3)

9. (@)

A
Inksrsection

H=LEB4TERE [v=2
{10, 10} by [~10, 10}

(1.58,3)

{b} No points of intersection, since 2* > 0 for all values

of x.

10. (a)

T R
[=10;10] by [=10,10
(-1.39,4)

{b) No points of intersection, since ¢ > 0 for all values
of x.
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Section 1.5 Exercises
1. Na, since {for example) the horizontal line y = 2 intersects
the graph twice.

2. Yes, since each horizontal line intersects the graph only
once.

3. Yes, since each horizontal line intersects the graph at most
ONCe.

4. No, since (for example} the horizontal line y = 0.5
intersects the graph twice.

5. Yes, since each horizontal line intersects the graph only
once.,

6. No, since {for example) the horizontal ine y = 2 intersects
the graph at more than one point.

, {
\

{—10, 101 by {10, 101"

Yes, the function is one-to-one since each horizontal line
intersects the graph at most once, 50 it has an inverse
function.

s.\/

\J

{-10, 10] by [~ 10, 10}

No, the function is not one-to-one since (for example) the
horizontal line y = O intersects the graph twice, so it does
not have an inverse function.

9. /\J
|

[—106, 10] by [—10, 103

No, the function is not one-to-one since (for example) the
horizontal line y = 5 intersects the graph more than once,
s0 it does not have an inverse function,

.
e

[—5, 5] by [~20, 20

Yes, the function is one-to-one since each horizonial line
intersects the graph only once, so it has an inverse
function.
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11. ' Verify.

5-x

5-x
(f°f_lXx)=f(T]=5—4(T]

M\W// =5-(5-1)

=X
_ 1o (f o XXy = f1(5-4x)
[—10, 10 by [-10, 10] 5 (5-4x)
No, the function is not one-to-one since each horizontal = 4
line intersects the graph twice, so it does not have an 4x
inverse function. vy
12. =
3 18, y=x°~1
‘ y+l=x1
+h=x
Interchange x and y.

-9 9tby [—2, 10

-9, 91 by [ 1 P =y
Yes, the function is one-to-one since each horizontal line FU =+ D" or Yxrl
intersects the graph at most once, so it has an inverse
function. Verify.

13. y=2x+3 (fof Uxy=f@¥x+1)

—3=2
};_3 * =@+ 1P e l=(@+)-1=x
e 2 X _ - '

2 (f e fXD= G =D
Interchange x and y. = %}(xB -H+l1= %/;5 =x
"_;%y 16, y=x2 +1,x20 |

3 y—1= 2, x20

- x— .
== Jr-1=x
Verify. Interchange x and y.

" x=3 .
(fof ‘)(x)mf(—z—J x-l=y
Flim=ve-lorx-1"
= [x—_:s—)+ 3
2 Verify. For x 2 1 (the domain of f™),
= (x—3)+3 :
=x (fof X0 =fRlx-D
Iy
(e =F2x+3) =(r—1)
_(@x+3)-3 . mx-D+l=x
) 2 For x > 0, (the domain of ),
X
=% (Frofxn =12+
=x =241 ~1
14, y=5-4x ' m\/x_zxixtm——x
4x=5-y
_o-y
4
Interchange x and y.
_5-x
=T

=222



