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PRELIMINARY CHAPTER

P.1 LINES

1. (a) Ax=-1-1=-2 (b) Ax=-1-(-3)=2
Ay=-1-2=-3 Ay=-2-2=-4

2. (a) Ax=-8—-(-8)=-5 (b) Ax=0-0=0
Ay=1-1=0 Ay=-2-4=-6

3. (a) _ (b)

4. (a) y (b) y
st st
Bl A : A
----- e ""‘:4"5x
B
m=3=3=l=0 m=F2 =2 (undefined)
5. (8) x=2,y=3 (b)x=-1,y=§
6. (8) x=0,y=—2 (b) x=-m,y=0
7. (@) y=1(x—-1)+1 (b) y=-1x—-(-1)]+1=-1(x+1)+1
8. (a) y=2(x—0)+3 (b) y = —2[x — (—4)] +0 = —2(x +4) +0
9. a) m=3=2=3 G m=3=1=9=0
y=3@x-0)+0 y=0(x-1)+1

y=%x y=1
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10.

11.

12.

13.

2y = 3x
3x—-2y=0

(a) m= :—5-_%—?—;(-)-27 = :02 (unde.fi'-.ned‘)‘

Vertical line: x = —2

(a) y=3x-2
(a) y=—%x—3

The line contains (0,0) and (10, 25).
26—-0_25_5

M=70—0-10"2
y=3x

15. (a) 3x+4y =12

16.

4y = -3x +12
y= —%x+3
i) Slope: —%

ii) y-intercept: 3

¥
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\E}\— 4.\'+3
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(a) 3+
y_
¥=

+1

e Qo

y= -—§x+4
i . -4
i) Slope: 3

ii) y-intercept: 4

4y = -3(x+2)+4
4y = -3x -2
3x+4y =-2

(b) y=-1x+2 or y=-x+2
=1lx_
(b)y_3x 1

14. The line contains (0,0) and (5,2).
2-0_2
5-0"5

m=
=2

y=gx

(b) x+y=2

y=-x+2
i) Slope: -1

ii} y-intercept: 2

(b) y=2x+4
i) Slope: 2

ii) y-intercept: 4



17.

y=-(4/3)x+4

-1 ) 1 2 3 4 5 *
-2
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y=-X+2

j\\\\\\? X

-2

(a) i) The desired line has slope —1 and passes through (0,0): y = -1(x—0)+0 ar y =—

ii) The desired line has slope :-% =1 and passes through (0,0): y =1(x—0)+0 or y =x.

(b) i) The given equation is equivalent to y = —2x + 4. The desired line has slope —2. and passes through

(~2,2): y=-2(x+2)+2 or y=-2x-2,
-1_1

ii) The desired line has slope = =5=35 and passes through (-2,2): y = 7(5( + 2) +2 or y= §x +3.

18. (a) i) The given line is vertical, so we seek a vertical line through (-2,4): x=-2.
ii) We seek a horizontal lme through (—2,4): y =4. ‘
(b) i) The given line is horizontal, so we seek a horizontal line through ( ,5) -_—%
ii) We seek a vertical line through (—1,%): x=-1.
_9-2_7 =AY _—3_ 3
9. m=5=7=2 Nm=—g—g—=73="3
fx) =F(x-1)+2=1x-3 f(x) = —3(x-2) +(-1) = —3x+2
Check: f(5) = 1(5) —-g— = 16, as expected. Check: f(6) = —-—(6) +2 = -7, as expected.
Since f(x) = 2x—%, we have m = ; and b = —%. Since f(x) = ——x+2 we ha.ve m= —7 and b=2.
2_ y-3 _2-(-2)
SR ) =
_%(6)=y 3 2(x + 8)
4=y-3 x+8=2
-1=y x=-6
23 y=1-(x—3)+4
y=x-3+4
y=x+1

24.

This is the same as the equation obtained in Example 5.

(a) When y =0, we have £ =1, so x =c.

When x =0, we have%: 1l,s0y =d.

(b) When y =0, we have £ = 2, s0 x = 2c.
When x =0, wehaved-_2 soy = 2d.

The x-intercept is 2¢ and the y-intercept is 2d.
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25.

26.

27.

28.

29.

(a) The given equations are equivalent to y = — 2y + 3 and y = —x + 1, respectively, so the slopes are -2
K* Tk P k
and —1. The lines are parallel when —% =-1,s0k=2.

(b) The lines are perpendicular when —% = —:——i-, sok =-2.

(a) m= 68 —69.5_ —15 _ 375 degrees/inch

04-0 — 04
(b) m= lQ__O@ '58 % —16.1 degrees/inch
5—-10 _ 5

(¢) m oF w ey kA —T7.1 degrees/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.

Slope: k = % = Li%goi_—_o—l = Qﬂ% = 0.0994 atmospheres per meter (
At 50 meters, the pressure is p = 0.0994(50) + 1 = 5.97 atmospheres.
(a) d(t) = 45t d(t)

(b) 150

100 d(t) =45t

50

1 2 3 4

(c) 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

t=0. R
(e) The car starts at time t = 0 at a point 30 miles past P.
(a) Suppose x°F is the same as x’C.

_9
x_5x+32

(1-g)x=32

—-grx=32

x = —40
Yes, —40°F is the same as —40°C.




(b)

{90, 90] by [-60, 60]

It is related because all three lines pass through the point (
temperatures are the same.

s .

Section P.1 Lines

—40, —40) where the Fahrenheit and Celsius

30. The coordinates of the three missing vertices are (5,2), (—1,4) and (—1,—2), as shown below.

y
ot
[ @23
_ 5.2
-1, 1).<-
R R— X
L 2.0 6

(.ll 4)

(_lr 1)

®
o
}

-Ln

-1,-2)

y
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31.

32,

33.

(c,d)

W
(a.b)\Al
/
z ~

‘\1
@&h

Suppose that the vertices of the given quadrilateral are (a,b), (c,d), (e,f), and (g,h). Then the midpoints of
the consecutive sides are W(a+ ch +d), X(c ted +f), Y(e tegf+ h), and Z(-g?,}_l_;_b). When these

22 22 22
four points are connected, the slopes of the sides of the resulting figure are:
d+f b+d
. 2 2 _f-b
Wx'c+e_a;c—e—a
2 2
f+h d+f
. _2 2 _h-d
XY'e+g_c+e—8“c
2 2 /
f+h _h+b
. 2 2 _f-b
ZY‘e+g_g+a."e-a
2 2
h+b_ b+d -
. _2 2 __h=d
Wz g+a afc E—C
2 2

Opposite sides have the same slope and are parallel.

The radius through (3,4) has slope H = %

wjoo

The tangent lix;e is perpendicular to this radius, so its slope is ?4:]1§ = —4. We seek the line of slope —-% that
passes through (3,4).

y=-%(x—3)+4

—_._3 +_g+
y._ Ix 4
y= Ix

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

__A C . s _A . . -1 _B
y=—-gx+g %0 its slope is B The perpendicular line has slope A8 B=A and passes through (a,b),

so its equation is y = -AB(x —a)+b.
b) Substituting Bix-a + b for y in the equation for line L gives:
A .

Ax+B|B(x-a)+b|=0C
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A% +B%(x —a) + ABb = AC
(A2+B?)x =B%a+AC—-ABb
_B%a+AC-ABb
X=—"7"2,.pz
A°+B
Substituting the expression for x in the equation for line L gives:
A(Bza +AC — ABb

A2+B2 )+By=C

By = —~A(B%a+AC—-ABb) C(A2+B?)

A2 +B2 A2 +B2
By = —AB’a —A’C + A’Bb + A’C + B’C
A%+ B ‘
_A’Bb+B?*C—AB%
By = INEY)
A4+B
_A%+BC-ABa
A%+ B?
2 2
The coordinates of Q are (B a +§A C _ZABb,A b +2BC —ZABa).
A’+B A’+B

(c) Distance = \/(x —a)? 4+ (y —b)?

_.[(B2+AC-ABb .Y (A’ +BC-ABa_, 2
- A2+B2 —-a A2+B2 -

2 2
_ B%a+ AC — ABb—a(A?+B?) . A%b +BC - ABa—b(A2 + B?)
A2+B2 A2+B2

- (AC—ABb—A2a>2 +(BC—ABa—B2b)2
A? 4+ B? A? +B?

a (A(C -Bb- Aa))2 N (B(C —Aa—Bb) )2

- A% +B? A?4+B?

_ \/AZ(C — Aa - Bb)* 4 B%(C — Aa— Bb)*
(A2 4+ B2) (a2 4+ B?)’

_ (A? + B?)(C — Aa—Bb)?
(A2 +B2)

(C — Aa—Bb)?
A2 + B2

7
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34.

35.

36.

37.

38.

39.

_ |C — Aa—Bb|
V/A? + B?
_|Aa+Bb-C|
VA% +B?
The line of incidence passes through (0,1) and (1,0) = The line of reflection passes through (1,0) and (2,1)
ﬁm-%—:%: 1=y—-0=1(x—1) =y =x—1is the line of reflection.
m= 37—0 = 3—4 Ax = 3—4 Therefore, distance between first and last rows is 1/(14)% + ( ;1 ) ~ 40.25 ft.
(a) (-1,4) (b) (3,-2) (c) (5,2) (d) (0,x)
(e) (-v,0) s B (-vx) (8) (3,-10)
(a) y =0.680x +9.013

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

(c)

¥=0.68x +9.013

1 L !

x

(d) When x = 30, y ~ 0.680(30) +9.013 = 29.413.
She weighs about 29 pounds.

(a) y =1060.4233x — 2,077,548.669
(b) The slope is 1060.4233. It represents the approximate rate of increase in earnings in dollars per year.

(c)

[1975, 1995] by [20,000, 35,000}

(d) When x = 2000, y ~ 1060.4233(2000) — 2,077,548.669 ~ 43,298.
In 2000, the construction workers’ average annual compensation will be about $43,298.

(a) y = 5632x — 11,080,280

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

(c) y=2732x - 5,362,360

(d) The median price is increasing at a rate of about $5632 per year in the Northeast, and about $2732
per year in the Midwest. It is increasing more rapidly in the Northeast.
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P.2 FUNCTIONS AND GRAPHS

1. base = x; (height)? +(%)2 = x? = height = éx; area is a(x) = %(base)(height) = %(x) (1/75,—() = @xz;

perimeter is p(x) = x+x+x = 3x.

2. s =side length=>s2+sz=d2=>s=%;andareaisa=s2=>a: d?

1
2

3. Let D = diagonal of a face of the cube and ¢ = the length of an edge. Then ¢Z +D? = d? and (by Exercise 2)

2 3/2
D2=22=32=4%2= (= 4 The surface area is 682 = %— = 2d? and the volume is &3 = (——d—)

s e V3
=m.

4. The coordinates of P are (x, ﬁ) so the slope of the line joining P to the origin is m = ——\4—}? = % (x > 0). Thus
X
1

\/i = % and the x-coordinate of P is x = -r#; the y-coordinate of P is y = ;.

5. (a) Not the graph of a function of x since it fails the vertical line test.
(b) Is the graph of a function of x since any vertical line intersects the graph at most once.

6. (a) Not the graph of a function of x since it fails the vertical line test.
(b) Not the graph of a function of x since it fails the vertical line test.

7. (a) domain = (—o0,00); range = [1,00) (b) domain = [0,00); range = (—o0,1]
8. (a) domain = (0,00); y in range = y = ﬁ, t>0=>y2= % and y > 0 = y can be any positive real number
= range = (0, 00).
(b) domain = [0,00); y in range = y = .1+1—\/t_:’ t>0. Ift =0, then y = 1 and as t increases, y becomes a

smaller and smaller positive real number = range = (0, 1].

9. 4—22=(2-12)(2+12) >0 & z € [-2,2] = domain. Largest value is g(0) = v/4 = 2 and smallest value is
g(=2) = g(2) = v/0 = 0 = range = [0,2].

10. domain = (—00,00); range = (—00,00)

11. (a) Symmetric about {b) Symmetric about r
the origin the y-axis ¥

-2f
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12. (a) Symmetric about
the y-axis

13. Neither graph passes the vertical line test

(a)

Iyl=x

14. Neither graph passes the vertical line test

(a)

y

x| ¢yl =1

< -0.§ 0.8 1

15. (a) even
(b) odd

17. (a) odd
(b) even

19. (a) neither
(b) even

(b) Symmetric about
the origin

(b)

(b)

x+y=1 y=1-—x
|x+y|=1¢& or < or
x+y=-1 y=-1-x
16. (a) even

(b) neither

18. (a) even
(b) odd

20. (a) even
(b) even




\/

21. (a)

v

E y==|3-x|+2
il l/l\lllll

e

Note that f(x) = —|x — 3|+ 2, so its graph
is the graph of the absolute value function
reflected across the x-axis and then shifted
3 units right and 2 units upward.

(—OO, 00)
("00,2]

22. (a)

N

[~4.7,47 by [~1, 6]

(—o00, 00) or all real numbers

(2,00)
23. (a,) d-Florx<]
.)' a;-.r+=2,—l'(vrls.rs3
Y le+3fore>3
SNRETEAUNE NN NEREN N

(b) (—o0,00) or all real numbers
(¢) (—00,00) or all real numbers

Section P.2 Functions and Graphs 11

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

_\~=2|x+4,—3

E1|l|| x

(—00,00) or all real numbers
[-3,00)

(b)

[~4, 4] by (-2, 3]

(—o0,00) or all real numbers

[0,00)

(~2.35, 2.35] by [—1, 3]

24. (a)

(b) (—o0,00) or all real numbers

(c) [0,00)

25. 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 corresponds to the value assigned to the x-coordinate. Since there is

only one y-coordinate, the assignment is unique.

26. If the curve is not y = 0, there must be a point (x,y) on the curve where y # 0. That would mean that (x,y)
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.
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27. (a) Line through (0,0) and (1,1): y =x
Line through (1,1) and (2,0): y=-x+2

X, 0<x<1
f(x):{

—x+2, 1<x<2

2, 0<xx«1
0, 1<x<2
2, 2<x<3
0, 3<x<4

(b) f(x) =

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

Line through (2,1) and (5,0): m = 0+1 = _Tl = —%, soy=—

2

1 5

—x+2, 0<x<2
f(x) =
—§X+§, 2<XS5

%(x—2)+1=—%x+%

(d) Line through (—1,0) and (0,-3): m = —3-0 -3,s0y=-3x-3

0-(-1) "

2-0 — 2

Line through (0,3) and (2,-1): m = F=3_=4- -2,80y=-2x+3

-3x-3, -1<x<0
f(x) =
~2x+3, 0<x<2

28. (a) Line through (—1,1) and (0,0): y = —x
Line through (0,1) and (1,1): y=1

Line through (1,1) and (3,0): m = 0-1_d_ lgoy=

—X, -1<x<0
f(x) =<1, 0<x<1
~1x+3 1<x<3
(b) Line through (—2,—1) and (0,0): y = %x
Line through (0,2) and (1,0): y=—-2x+2
Line through (1,-1) and (3,-1): y=-1

%x, -2<x<0
f(x) =¢ —2x+2, 0<x<1

-1, 1<x<3

—%(x—l)+1 =—%x+

[ [




(c¢) Line through (%‘-,0) and (T,1): m=
0, OSXS%
fx)=1, T
2x-1, T<x<T
T ™5 2
4
A 0<x<T
—A, §5x<T
(d) f(x) =1 3T
A, TSX<T
—A, 3—2ng_2T
\

29. (a) Position 4

30. (a) y=—(x—1)2+4

31.
y
mﬁw
. >
-
+22r+3i=d9
N
\\\ 2t v= g "
~
o N7
~ 1k //
\\ //
N
1 1 N 1 ‘/l .
S22 4 1 2 3
T an \
2 ,\'+l=(,t-|)w
¥y -
.\-=+(x+l)+56 ,//
- //V'\~+5=-%(x-l+l)+5
P
_- 4}
Prad 2F or}=-2l-x
" N L iy
=15 -5 -2 25 S 18 °
2b
4k
6F

1-0 _2
T—(1/2) T

(b) Position 1

(b) y=—(x+2)>+3

soy:%(x—

(c) Position 2

(©) y=—(x+4)"-1

Section P.2 Functions and Graphs

%)+0=3x—1

(d) Position 3

(@) y = —~(x-2)?

32.
- Yysimxel)?
.y.‘"
1
1
34.
-2,
-3
36.

13
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37. (a) f(g(0)) =f(-3)=2 -
(b) g(£(0)) = g(5) = 22
(c) f(g(x)) =f(x*-3) =x2~-3+5=x2+2
(d) g(f(x)) = g(x+5) = (x+5)> -3 = x* + 10x + 22
(e) f(f(-5)) =1(0) =5
(f) 8(g(2)) =g(1) =-2
(g) f(f(x)) =f(x+5) = (x+5)+5=x+10
(h) g(g(x)) = g(x*—3) = (x*—3)* =3 =x*—6x> +6

s 0 1(s3))=1(1)=-4
® s(i()=s(-4) =2

(e) flg(x)) =f(x-}-1)=X-}-1_1=x—+x1

(d) g(f(x)) =g(x—1) = ﬁ;—l =3
(e) f(f(2)) =f(1)=0
® ee@)=¢e(3)=1=3
3
() ff(x)) =f(x—-1)=(x-1)-1=x-2

() g(e0) =g(zly)=—l—=%15 x#-landx#-2)
x—-ﬁ+1

39. (a) u(v(t)) =u(v(}))= u<—1§) =4(}) -5=4-5

(
) u(iv) = ulee) = u(L) = 4(F)-5 =% -5

= (4x1—- 5)2

(e) f(u(v(x))) = f(u(x?)) = £(4(x?)-5) = —k

4x% -5

N’ N

(@) v(E(u())) = v(f(ax - 5)) = v(z15

(O () = fviax=5) = K((4x-57) = -ty

40. (a) h(g(f(x))) =h(g(ﬁ))=h(¢)=4(@)-s= JE-8
(b) ht(g() =h(1(%)) =b(/F)=45-8=2/5-8




41.

42.

43.

44,

Section P.2 Functions and Graphs 15

© gu(E) = s(b(vA) = g(4yE-8) =258 = Uz

(d) g(f(h(x))) = g(f(4x - 8)) = g(v/4x—8) = \/4x \/g—'z'

(¢) f(e(h(x))) = f(g(4x — 8) = £(£78) = tx-2) = Vx—2
® b0 =1(h(¥))=1(4(%)-8)=tx-8) = vx=8

(a) y =s(f(x)) (b) y =i(g(x))

() vy =2g(s(x)) (d) y=j((x)

(e) v =g(h(f(x))) (f) y=h((f(x)))

(a) y=1£((x)) (b) y = h(g(x)) = g(h(x))
(c) ¥y =h(h(x)) (d) y =f(f(x))

(e) ¥ =i(e(f(x))) () v =g(f(h(x)))

(a) Since (fog)(x) = /8(X) — b = Vx* — g(x) = x2.

(b) Since (fog)(x) = 1+g( y= = x, we know that Tj- =x-1, 80 g(x) = }—{—i—l
(c) Since (fog)(x) = f(%) =x, f(x) =%

(d) Since (fog)(x) = f(1/X) =1xI, f(x) = x%

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

g(x) f(x) (fog)(x)
x? x—5 x?-5
Lo | 14} X, X # =1
% % X X#0
VX x? Ix], x>0
g(x) f(x) (fog)(x)
(a) x-7 VX x—T
(b) x+2 | 3x 3(x+2)=3x+6
(c) x2 x—5 x? -5
x
@ X 5T e
(© L3 1+ 1+i=1+(x—1)=x
x—1
® % % =x

M|
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45. (a) domain: [0,2]; range: [2,3]

v

I

3.—
/\ v=fo+2
2

(c) domain: [0,2]; range: [0,2]

y=2f(x)

(¢) domain: [-2,0}; range: [0,1]

y=f-9

(b) domain: [0,2]; range: [—1,0]

(d) domain: [0,2]; range: [-1,0]

(f) domain: [1,3]; range: [0,1]

2_
y=flx-1)
| /\
N
(h) domain: [-1,1]; range: [0,1]
2
y=—farD+1
3 0 i >




46. (a) domain: [0,4]; range: [-3,0]

Yy

y=9(-t)

-3

(c) domain: [—4,0]; range: [0,3]

y
)
3
y=g(t)+3
-t
-4 -2
(e) domain: [2,6]; range: [—3,0]
y
)
y=g(-t+2)
2 '
-3
(g) domain: [1,5]; range: [—3,0]
y
} y=g(1-t)
1 5 t

-3

Section P.2 Functions and Graphs 17

(b) domain: [~4,0]; range: [0,3]

y
|
3
y=-g(t)
o > t
(d) domain: [—4,0]; range: [1,4]
y
1
y=1-g(t)
" ) ¢
(f) domain: [-2,2]; range: [-3,0]
y
ye9(t-2)
", "
-3
(h) domain: [0,4]; range: [0,3]
Y
|
3
y=-g(t-4)
-t
] 2 4
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47. (a) Because the circumference of the original circle was 87 and a piece of length x was removed.

_8r—x_,4_Xx
(b) r= a7

2 2 7 _V16mx—x’
h=vV16-r‘=,[16-(4-X)= 16_(1 _& X_)= 4x _ x =\/167rx_x - X —X
(€) h=v16—r (4-2%) \/ 6-F+2%; X o [l
1 2 1 (87—x\ V16mx—x2_ (87 —x)*V16mx —x*
(d)V=§7rr hzgvr( ) . o =

2m 2472

48. (a) Note that 2 mi = 10,560 ft, so there are v/ 8002 + x? feet of river cable at $180 per foot and
(10,560 — x) feet of land cable at $100 per foot. The cost is C(x) = 180/ 800% +x2 + 100(10,560 — x)

(b) C(0) = $1,200,000
C(500) ~ 81,175,812
C(1000) ~ $1,186,512
C(1500) = $1,212,000
C(2000) ~ $1,243,732
C(2500) ~ $1,278,479
C(3000) ~ $1,314,870
Values beyond this are all larger. It would appear that the least expensive location is less than 2000 ft
from point P.

49. (a) Yes. Since (f-g)(—x) = f(—x) -g(—x) = f(x) - g(x) = (f-g)(x), the function (f-g)(x) will also be even.
(b) The product will be even, since
(- g)(—x) = 1(-x) - g(-x)
= (-f(x)) - (-&(x))
= f(x) - 8(x)
= (f-g)(x)-
(¢) Yes, f(x) = 0 is both even and odd since f(—x) = —f(x) = f(x)

50. (a) Pick 11, for example: 11+5=16 — 2-16 =32 — 32—6 =26 — 26/2 =13 — 13 — 2 = 11, the original
number.

(b) f(x) = Kx—iiw — 2 =x, the number you started with.

51. (a) (b)

(fg)(x}




0 1

(g-f)(x)
(f-g)(x)

52. y

10

\

2
(fog)(x)

g

53. (a) v, = (fog)(x); y5 = (g o f)(x)

(b)

= f(%)

IS
\‘.
[
&
bobhbdbirbanuba
e
/
@
»
*®

~

»
>

Vs =(x°f)(x)
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(d)
1
x

28

2
18

P y:g =g(x) /
0s

0 v — X

0 1 2 s 4 s

19
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D(g of) = [2,2]; The domain of g of is the set of all values of x in the domain of f for which the values
¥y = f(x) are in the domain of g.

R(g of) = [0,2]; The range of g of is the subset of the range of g that includes all the values of g(x)
evaluated at the values from the range of f where g(x) is defined.

(c) The graphs of y, = f(x) and y, = g(x) are shown in part (a).

y
5 -

44

3 )’4=(f°8)(x)

2

14

o : ; M
2

D(f o g) = [0,00); The domain of fo g is the set of all values of x in the domain of g for which the values
¥, = g(x) are in the domain of f.

R(f o g) = (—0,4]; The range of fo g is the subset of the range of f that includes all the values of f(x)
evaluated at the values from the range of g where f(x) is defined.

(d) (gof)(x) = V4—x% D(gof) =[-2,2]; R(gof) =[0,2]
(fog)(x) = 4—(\/)_()2 =4 —x for x > 0; D(fog) = [0,00); R(fo g) = (—0,4]

54. (a)

(-3,3] by [-1,3]

(b) Domain of y,: [0,00)
Domain of y,: (—00,1]
Domain of y4: [0,1] ‘
(c) The functions y, —y,, Y2 — ¥y, and y; -y, all have domain [0, 1], the same as the domain of y; +y, found
in part (b).
. y
Domain of y—;: (0,1)

. y
Domain of y—:: (0,1]

(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.
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55. (a) The power regression function on the TI-92 Plus calculator gives y = 4.44647x0-511414
(b)
¥ (km/h)
25k ® Daw
— Power regression
= = Lincar regression

()""""";""""',.r(melers)
0 12 3 4 56 7 8 91011 121314151617 18 19 20

(c¢) 15.2 km/h

(d) The linear regression function on the TI-92 Plus calculator gives y = 0.913675x + 4.189976 and it is shown
on the graph in part (b). The linear regression function gives a speed of 14.2 km/h when y = 11m. The
power regression curve in part (a) better fits the data.

56. (a) Let v represent the speed in miles per hour and d the stopping distance in feet. The quadratic regression
function on the TI-92 Plus calculator gives d = 0.0886v? — 1.97v + 50.1.

®)  gop -
550 -
500 -
450 |
400 -

350 4 o data

300 -{ —— quadrstic regression

250 = [near regression

200

150 -

100
50

stopping distance, d (ft)

T T T T T T T T T T 1

0 1 i T
“&%mawww%m%mnwwm
speed, v (mph)

(c) From the graph in part (b), the stopping distance is about 370 feet when the vehicle speed is 72 mph and it
is about 525 feet when the speed is 85 mph.
Algebraically: dgypdratic(72) = 0.0886(72)% — 1.97(72) + 50.1 = 367.6 ft.

dquadratic(85) = 0.0886(85)% — 1.97(85) + 50.1 = 522.8 ft.
d) The linear regression function on the TI-92 Plus calculator gives d = 6.89v — 140.4 = d,; 72
€ linear

= 6.89(72) — 140.4 = 355.7 ft and dy;.,.(85) = 6.89(85) — 140.4 = 445.2 ft. The linear regression
line is shown on the graph in part (b). The quadratic regression curve clearly gives the better fit.

P.3 EXPONENTIAL FUNCTIONS

1. The graph of y = 2* is increasing from left to right and has the negative x-axis as an asymptote. (a)

X
2. The graph of y = 37 or, equivalently, y = (%) , is decreasing from left to right and has the positive

x-axis as an asymptote. (d)
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11.

13.

15.

Preliminary Chapter

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

The graph of y = —0.57% or, equivalently, y = —2%, is the reflection about the x-axis of the graph in Exercise 1.

(c)

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

The graph of y = 1.5* — 2 is increasing from left to right and has the line y = —2 as an asymptote. (f)

Domain: (—00,00)
Range: (—o0,3)
x-intercept: = 1.585
y-intercept: 2

y=3-2

[T T N R U TV Y B B

Domain: (—00,00)
Range: (—2,00)
x-intercept: = 0.405
y-intercept: 1

92)( = (32 )2)( - 34x

O

x |y |Ay
1 | -1

2
2 |1

2
3 |3

2
4 |5

8.

10.

12.

14.

/

[—4,4] by [-2, 10]

Domain: (—o0,00)
Range: (3,00)
x-intercept:  None
y-intercept: 4

me—

Va

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

Domain: (—o0,00)
Range: (—oo,—1)
x-intercept: None
y-intercept: —2

163% = (24)° = g12x

(_1-)x - (3__3)x =33

27
X y Ay
1 1

-3
2 -2

-3
3 -5

-3
4 -8 '




17. x y Ay 18. x y ratio
1 1 1 8.155
3 2.718
2 | 4 2 22.167
5 2.718
3 |9 3 | 60.257
7 2.718
4 16 4 163.79
19. The slope of a straight line is m = %% — Ay = m(Ax). In Exercise 15, each Ax =1 and m = 2 — each
Ay =2, and in problem 16, each Ax =1 and m = —3 — each Ay = —3. If the changes in x are constant for
a linear function, say Ax = c, then the changes in y are also constant, specifically, Ay = mc.
20. From the table in Exercise 17, it can be seen that Ay = 2x+ 1. Some examples are: Ay =9-4=5=2(2)+1
=2x+1land Ay=16-9=7=2(3)+1=2x+1. As x changes from x = 1000 to x = 1001, the change in y
is Ay = 2(1000) + 1 = 2001. As x changes from n to n + 1, where n is an arbitrary positive integer, the change
inyis Ay=2n+1.
21. Since f(1) = 4.5 we have ka = 4.5, and since f(—1) = 0.5 we have ka~! = 0.5.
Dividing, we have
ka _ 4.5
ka=! 0.5
a?=9
a==+£3
Since f(x) = k -a* is an exponential function, we require a > 0, so a = 3. Then ka = 4.5 gives 3k = 4.5,
so k = 1.5. The values are a = 3 and k = 1.5.
22. Since f(1) = 1.5 we have ka = 1.5, and since f(—1) = 6 we have ka™! = 6.
Dividing, we have
ka _ 1.6
ka=l~ 6
a?=0.25
a= +£05
Since f(x) = k -a” is an exponential function, we require a > 0, so a = 0.5. Then ka = 1.5 gives 0.5k = 1.5,
so k = 3. The values are a = 0.5 and k = 3.
23. 24,
]
- ]

Section P.3 Exponential Functions

[—6, 61 by [-2, 6] [~6, 6] by [~2, 6]

x =~ 2.3219 x = 1.3863

23
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25. 26.

adl

———
|§§'-'°sulzu Y30 i:':!wm: Y=4
[-6, 61by [-3, 5] [—6, 6] by [-3, 5
x 2~ —0.6309 x & —1.5850

27. 5422(1.018)% ~ 7609.7 million

28. (a) Whent=0,B = 100e° = 100. There were 100 bacteria present initially.
(b) Whent=6,B = 100e°693(8) x 6394.351. After 6 hours, there are about 6394 bacteria.

(¢) Solving 1000693t = 200 graphically, we find that t ~ 1.000. 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.

29. Let t be the number of years. Solving 500,000(1.0375)i = 1,000,000 graphically, we find that t ~ 18.828.
The population will reach 1 million in about 19 years.

30. (a) The population is given by P(t) = 6250(1.0275)", where t is the number of years after 1890.
Population in 1915: P(25) ~ 12,315
Population in 1940: P(50) ~ 24,265
(b) Solving P(t) = 50,000 graphically, we find that t ~ 76.651. The population reached 50,000 about 77 years
after 1890, in 1967.

31. (a) A(t) =6.6(-%—)t/14

(b) Solving A(t) = 1 graphically, we find that t ~ 38. There will be 1 gram remaining after about 38.1145
days.

32. Let t be the number of years. Solving 2300(1.06)® = 4150 graphically, we find that t ~ 10.129. It will take
about 10.129 years. (If the interest is not credited to the account until the end of each year, it will take 11
years.)

33. Let A be the amount of the initial investment, and let t be the number of years. We wish to solve
A(1.0625)t = 2A, which is equivalent to 1.0625" = 2. Solving graphically, we find that t ~ 11.433. It will
take about 11.433 years. (If the interest is credited at the end of each year, it will take 12 years.)

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

12t 12t
A(l + &1622-‘5) = 2A, which is equivalent to (1 + 0_(i§2__2§) = 2. Solving graphically, 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 will take 11
years 2 months.)

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

Ae00625t — 9A  which is equivalent to 00625t — 9 Solving graphically, we find that t ~ 11.090.
It will take about 11.090 years.




36

37

38

39

40

41

42
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. Let A be the amount of the initial investment, and let t be the number of years. We wish to solve
A(1.0575)" = 3A, which is equivalent to 1.0575* = 3. Solving graphically, we find that t ~ 19.650. It will
.take about 19.650 years. (If the interest is credited at the end of each year, it will take 20 years.)

. Let A be the amount of the initial investment, and let t be the number of years. We wish to solve
A(1+2275 )mt = 3A, which is equivalent to (1 + 0-0575)365t =3. Solving graphically, we find that
t ~ 19.108. It will take about 19.108 years.

. Let A be the amount of the initial investment, and let t be the number of years. We wish to solve
Ael0575t — 3A  which is equivalent to €2057% = 3. Solving graphically, we find that t & 19.106. It will
take about 19.106 years.

. After t hours, the population is P(t) = 2t/08 o, equivalently, P(t) = 22, After 24 hours, the population is

P(24) = 2*8 ~ 2.815 x 10'* bacteria.
. (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(t) = 10,000(0.8). Solving C(t) = 1000 graphically, we find that

t & 10.319. It will take about 10.319 years.
(b) Solving C(t) = 1 graphically, we find that t ~ 41.275. It will take about 41.275 years.

. (a) Let x = 0 represent 1900, x = 1 represent 1901, and so on. The regression equation is P(x) = 6.033(1.030)*.

P =6.033(1.030)

(b) The regression equation gives an estimate of P(0) a 6.03 million, which is not very close to the actual
population.
(c) Since the equation is of the form P(x) = P(0) - 1.030%, the annual rate of growth is about 3%.

. (a) The regression equation is P(x) = 4.831(1.019)*.

L
{0, 100] by [—5, 30]

(b) P(90) ~ 26.3 million
(c) Since the equation is of the form P(x) = P(0) - 1.019%, the annual rate of growth is approximately 1.9%.
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P.4 FUNCTIONS AND LOGARITHMS

1.

2.

Yes one-to-one, the graph passes the horizontal test.

Not one-to-one, the graph fails the horizontal test.

Not one-to-one since (for example) the horizontal line y = 2 intersects the graph twice.

Not one-to-one, the graph fails the horizontal test

Yes one-to-one, the graph passes the horizontal test

. Yes one-to-one, the graph passes the horizontal test

Domain: 0 <x<1, Range: y>0

y=f(x)=x¥%

e y= ) =

—
il
o
=]
g
e,
B

|
—
IA
»
IA
=
£
o
®
|
[N E]
IA
«
IN
[EE

y= 1

-

-

8. Domain: x <1, Range: y >0




11.

13.

14.

15.

16.

17.

18.

19.

20.
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Step 1: y=x2+1=>x2=y—-1=>x= y—1 12. Step 1: y=x2=>x=—ﬁ

Step 2: y = Vx-1=f"(x) Step 2: y = —y/x ={"(x)

Stepl: y=x3-1=x3=y+1 =>x=(y+l)1/3

Step 2: y =F/x+1=1"1(x)

Step 1: y=x2—2x+1=>y=(x—1)2=>\/§=x—1=>x=\/§+1
Step 2: y=1+\/_=fh1(x)

Step 1: y:(x+1)2§‘/§=x+1:>x=\/§..1
Step 2: y = /x~1=f"1(x)

Step 1: y=x2/3:.>x=y3/2
Step 2: y=x3/2=f‘1(x)

y—3

y=2x+3—>y—3=2x—>T=x. Interchange x and y: u=y—>f_1(x)=

2
Verify.

(fof1)(x) =f(x2;3)=2(x53)+3 =(x-3)+3=x

_(2x+3)-3

(o) = (2x+8) =" "=y

y=5—4x—->4x=5—y—>x=54;y. Interchange x and y: y=5Zx—>f'1(x)=

Verify.

(ot ™)) =£(37%)=5-4(37%)=5-(5-x) =x

(f_lof)(x)zrl(s_‘lx):w:%:x

y=x-1-y+1=x>> (y+1)1/3=x. Interchange x and y: (x+1)1/3=y
-l (x) = (x+ 1)1/3 or ¥/x+1
Verify.

(forl)(x)=f( \3/x+1)=( %/x+1)3—1=(x+1)—1=x

(Flof)(x) =f1(x3~1) =yY=x-1)+1 =¥x3=x

y=x2+1,x20—>y—1=x2,x20—»\/ylex.
Interchange x and y: /x—1=y - (x)=+yx—1or (x—1)1/2
Verify. For x > 1 (the domain of 1),
(foi“l)(x)=f(\/x—1)=(\/x—1)2+1=(x—1)+1=x
For x > 0 (the domain of f),

Flof(x) = 1(x2+1) = /(x+1) -1 =V =|xI=x

x—3
2

5—x
4

27
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21, y=x%,x<0 - x= —\/i. Interchange x and y: y = —\/;( —f1lx) = -—ﬁ or —xl/z
Verify.
For x > 0 (the domain of ~1), (fof1)(x) = f(—y/X) = (—\/)_()2 =X
For x < 0 (the domain of f), ("o f)(x) = f1(x?) = —Vx?* = —Ix|=x

3/2
22. y=x2/3,x20—>y3/2=(x2/3) ,x20—»y3/2=x

Interchange x and y: x3/2 = y - i(x) = <32
Verify.

2/3
For x > 0 (the domain of 1), (fo £1)(x) = f(x3/2) = (x3/?) .

)3/2

For x > 0 (the domain of f), (f"! o f)(x) = £1(x2/3) = (x2/3 =|x|=x

23. y='—(x—2)2,x52—>(x—2)2=—y,x§2—»x—2=—\/—_y—>x=2—\/:§.
Interchange x and y: y =2—,/—x = 1(x) =2—4/~x or 2—(—x)1/2
Verify.

For x < 0 (the domain of f~1)
(ot = £(2 - ) = (2 y )= 2f = ~(~y/Ff = ~1xi=x

For x < 2 (the domain of f),
(Flof)(x) =1 (~(x-2)%)=2-/(x-2)?=2-[x-2|=2+(x-2) =x

2. y=(+2x+1),x>-1-y=x+1)%x>-1> fy=x+1-f-1l=x
Interchange x and y: /x—1=y — f1(x) = /x—1 orx'/2-1
Verify.
For x > 0 (the domain of f~1),
(foi“l)(x):f(ﬁ—1):[(\/)_(—1)2+2(\/)?—1)+1]:(\/§)2—2\/J_t+1+2\/)_{_-—2+1=(\/)_()2=x

For x > —1 (the domain of f),

(Flof)x) =12 +2x+1) = V2 +2x+ 1 -1 = /(x+1)2 -1 =|x+1|-1=(x+1)-1=x

=1 2_1 =./i=_1
25. y_xz,x>0—>x —y,X>0-—»x_\/;_\/}_',

s y=-L 1(x) = 1 or L
Interchange x and y: y = /R - x) = /5 or a7z
Verify.
For x > 0 (the domain of 1), (fof™1)(x) = f(—l—-)z 1 5= X
vx) (1/5)

Forx>0(thedomainoff),(f‘lof)(x)zf—l(L)z L -V =1x1=x

2 \/’1/?

»
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1 3 _1 3/1 1
26, y==5 = X" =g — X={/5=——.
Y= y \/; 3y
1 1 1 1
Interchange x and y: y=—5=—f (x)=g=or 55
Vx VxR
Verify.
1 1
(fof1)(x) = f(a—) =1 =x
VE) (1/3R)
1 1y 1
flof)(x)=1" (xs) 31/x3
2x+1 _1-3y
27. y= +3—>xy+3y 2x+l—+xy—2x=1—3y—»(y—2)x=1—3y—»x—y—__—2—.
Interchange x and y: y=—1£:_3—2x—»f_ l(x) =%
Verify.
1-3x
for ) = 1(12%) = 25)+ 20-304 (=2 _ g
( =2 )T T3 T +3x=2) -5
X— 2+3
_3(2x+1)
1 1{2x+1 x+3 ) (x+3)-3(2x+1)  _5x _
(Fof)(x) = r(x+3) A1 _,  (2x+D)-2(x+3) -5
x+3
x+3 _2y+3
8. y=""% =x+3—»xy—x=2y+3-—»x(y—1)=2y+3——>x_y_l.
Interchange x and y: y=2Yx—_'—|'—1§—+f_1(x)= %
Verify.
2x+3
=43 -
1 2x+3)_x—1 "°_(2x+3)+3(x—-1) _»5x
(fot‘)(X)—f( ) 2x+3 o (x+3)-2x-1) 5 "
9%+ )
1 1(x+3 (x—2 _2(x+3)+3(x—2) _5x _
(" of)(x) = r(x 2) x+t3_;  (x+3)-(x-2) 5
X —
29. y=(e*) ~1>e*=3sa=In3 >y=e®3_1
(8) D = (o0,00) (b) R = (~1,00)
30.y=(e*‘)x+l—>e5=4—»a.=ln4—-»y=e(x'|'1)ln4=e"h‘4el“4=4e"l“‘l
(a) D = (~o0,00) (b) R = (0,00)
In(x+2
31.y=1-(1n3)1og3x=1-(1n3)1§1—;=1-1nx 32. y = (In 10) log (x +2) = (In 10)“—1("—16—) In (x + 2)

(a) D =(0,00) (a) D=(-2,00)
(b) R = (~00,00) (b) R = (~00,00)
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(c)

33. (1.045)* =2
In (1.045)* = In 2

tln1.04=1n2
In 1.045 )

Graphical support:

_.-r-—""'jd

[

{-2,18]by {—1, 3]

35. e¥+e*=3
e—-3+e*=0
eX(eX -3 +e7 %) =e*(0)
() —3¢*+1=0

. 3%/E92 -1

e” =

2(1)
x=3EV6
5
x= ln(3 i2\/5> ~ —0.96 or 0.96

Graphical support:

\L/
e

[—4,41by [—4, 8]

(c) y

34. e0.05t =3

In %05t —n 3

0.05t =1In 3

=3 _ ~
t={5pg = 20 In 3~ 21.97

Graphical support:

—
=
B -

[-5,35) by [—1, 4]

L 2X427%=5

X542 %=

2%(2% — 5 +27%) = 2%(0)

(2 -5(2%) +1=0
544/(-5)%—4(1)1

ox _ V( 221) (L)

x5V

2

x= 1032(5 =V 21) ~ ~2.26 or 2.26

Graphical support:

\ 7
N
(LD s

(—4,41 by [-4, 8]
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3. ny=2t+4 — ey — e2t+4 y = ettt

38. In(y-1)-In2=x+Inx—>In(y—1)=x+Inx+In2 — -1) = gx+Inx+In2 —y—1=eX(x)(2)
—y=2xe*+1

30. (a) y =10y — 1427 =190 2= = 1001, 1og, (27%) = logy (10~ 1) —x = log, (190 1)

— x = —log, (l$ - 1) = _1032(100}'— y) = log, (Tfj%—‘?)

Interchange x and y: y = log, (ﬁ) —fl(x)= logz( X )

100 —x
Verify.
100 100 100
(fof)(x) =f(log = = = — =
( 2(1oo—x)) Lo o) 1 o6 (D) 11 100=x
— 100x =100x _
x+ (100 —x) ~ 100
100 -
1 —¢1(_100 1+27 — 100
(e =1 (1+2-") logy 00— 10, —l°g2(100(1+2-")-100)

+2%
= log, (2—_1_,g) = logy(2%) =x
B y=72 0 - 1411 = 3 - 11 =801 1oy (117 = logy (3~ 1) — —x = logy ; (32~ 1)

S x= —log“(%o— 1) = —1081.1(50}'_ y) = logy (W——y)

Interchange x and y: y = log; 4 ( 50x_ x) - i(x) = log; , ('—50}1 x)

Verify.
50 50
(fof 1)(x) =f(l°g1-1(50}-(—x))=1+1.1-—-logll1(50x—_x)= 1+1.11°$1_1(-5&{—’-‘) 1+gg —x
=——o0x _80x_
x+(50—-x) " 50 ~
50
(! oﬂ(x)zrl(ﬂ-_j%q)zlogl_l ﬁ% =l°81,1(50(1+1??—:t)_50)
+1.17

= log, ; (T—ll-_—i) =log, 1(1.1%) =x

40. (a) Suppose that f(x,) = f(x;). Then mx; +b = mx, + b so mx; = mx,. Since m # 0, this gives x; = x,.

(b) y=mx+b——»y——b=mx—>z—x%——bi=x.
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41.

42,

43.

44,

45.

46.

47.
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Interchange x and y: x;lb =y - f1(x)= %

The slopes are reciprocals.
(c) If the original functions both have slope m, each of the inverse functions will have slope —&1— The graphs of
the inverses will be parallel lines with nonzero slope.

(d) If the original functions have slopes m and —-r}-l-, respectively, then the inverse functions will have slopes %

and —m, respectively. Since each of T}T and —m is the negative reciprocal of the other, the graphs of the

inverses will be perpendicular lines with nonzero slopes.

(a) Amount = 8(%)”12

s == @) 5= () =) - f=a o=

There will be 1 gram remaining after 36 hours.

500(1.0475)t = 1000 — 1.0475° =2 — In (1.0475%) =In 2 > t In 1.0475 =ln 2 —» t = E% ~ 14.936

It will take about 14.936 years. (If the interest is paid at the end of each year, it will take 15 years.)

375,000(1.0225) = 1,000,000 — 1.0225¢ = 8 — In (1.0225%) =In(&) — t In 1.0225 = In(&
3 3

3
In(8/3) _
s ~ 44.081

It will take about 44.081 years.

-t =

Let O = original sound level = 10 log,, (I x 1012) db from Equation (1) in the text. Solving

0 +10 = 10 log; (kI x 10'2) for k => 10 log, (I x 1012) + 10 = 10 log,, (kI x 10'2)

= log;o (I1x10'2) +1 = logo (kI x 101?) = log,o (I1x 10'2) + 1 = log, k + log, (1x 1012)
In k

:>1=log10k=>1=m=>lnk=ln10=>k=10

Sound level with intensity = 10I is 10 log,, (101 X 1012) = 10[log10 10 + log, o (I X 1012)]
=10 + 10 log;, (I X 1012) = original sound level + 10 = an increase of 10 db

y= yoe—o'18t represents the decay equation; solving (0.9)y, = y(,e_o‘18t =>t= hl(()ol? = 0.585 days
48,
Z A\,
74 : X
/] oiod \
Lgtirnc?n sk RRSAIREERS bya-s
[—10, 10] by [—10, 10} [—10, 10] by {—10, 10]

(4,5) (§, -3) ~ (2.67,-3)
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49. (a) 50. (a)

7 =)

Ii_’-im{m_ B b

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

(1.58,3) (-1.39,4)
(b) No points of intersection, since 2* >0 (b) No points of intersection, since e™* > 0 for all
for all values of x. values of x.
51. (a) (b) and (c)
f®
f=9 .
3 gl = x1? R
- r - oW
T_ &) 3 - fﬂ) (‘:)
o 5 I
4l , .
21 123
Ar (o=
@ fin=x

We conclude that f and g are inverses of each other because (fo g)(x) = (g o f)(x) = x, the identity function.

52. (a) (b) and (c)
/(%)

(f - £)x)
(g°/)x)

N W
L]

We conclude that f is the identity function because (fog)(x) = (gof)(x) = 51{- =g(x)
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53. (a) | (b) and (c)

¥ ¥y
4 A%y Y
3t s
2 f(x)=.'t: 2L
[/ sw=3 (fe£)(x)
' i 't wene
e n i 1 1 L 1 i L I\ 1 L L 1 Il Iy v
B T2 3 47 432 12 34
2F 2k
3t af Faw=
) @ N =x
-a} 4}

We conclude that f and g are inverses of each other because (fo g)(x) = (g o f)(x) = x, the identity function.

54. (a) (b) and (c)
J J (fo8)®)
: &=/Xx)
2 2
el '
T3 21 273" 432 /1 T
1 41
-2 -2
5| -3
- -4

We conclude that f and g are inverses of each other because (fo g)(x) = (g o f)(x) = x, the identity function.

55. (a) (b)
oy Y3
(3R¢1 3 W= ln(ax) —Inx
2 2.5 for a=1,2,3,4,5
2
1
. . 1.5
-1 P 1
= In(ax) for
2} s 0.5
3 n 0.5 1 1.5 2 "
4 0.5 * )
-1
The graphs of y; appear to be vertical The graphs of y, —y, support the finding in
translates of y, ‘ part (a).

(¢) y3=y;—-ya=Ilnax—Inx=(lna+Inx)~In x=1n a, a constant.

56. (a) y, is a vertical shift (upward) of y,, although it’s difficult to see that near the vertical asymptote at x = 0.
One might use “trace” or “table” to verify this.




57.

58.

59.

60.
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(b) Each graph of yj is a horizontal line.
(c) The graphs of y, and y = a are the same.
(d) 271 = 5 ln(ey2-y1)= Ina,y,—y;=Ina, y;=y,~lna=Inx-Ina

From zooming in on the graph at the right, we estimate
the third root to be x ~ —0.76666

The functions f(x) = x'*2 and g(x) = 2!®* appear to

have identical graphs for x > 0. This is no accident,
In x
because xl“2=e1“2'h”‘=(elnz =olnx,

(a) The LnReg command on the TI-92 Plus calculator gives y(x) = —474.31 +121.13 In x
= y(82) = —474.31 + 121.13 In (82) = 59.48 million metric tons produced in 1982 and
y(100) = —474.31 + 121.13 In (100) = 83.51 million metric tons produced in 2000.

(b)

y=-47431+ 12113 In

= 90k
£ %F
70+
60
§ 28: ®Data
g 38: —In regression!
g 10 line
= 0 i 1 1 1 4 i 1 1 1 ! x
>~ 50 55 60 65 70 75 BO 85 90 95 100 105
x (year 1990)

(c) From the graph in part (b), y(82) ~ 59 and y(100) =~ 84.

(a) y =—2539.852 + 636.896 In x
(b) When x =75, y ~ 209.94. About 209.94 million metric tons were produced.
(c) —2539.852 + 636.896 In x = 400

636.896 In x = 2939.852

_ 2939.852
~ 636.896

2939.852
x = e 636896 101.08

In x

35

According to the regression equation, Saudi Arabian oil production will reach 400 million metric tons when

x = 101.08, in about 2001.
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P.5 TRIGONOMETRIC FUNCTIONS AND THEIR INVERSES

L (a) s=10=(10)(4)=8rm (b) s =16 = (10)(110")(%) = 1l0r _ 55 1,
2. 6=%= % %’L radians and 547r( 80° ) 225°
2 s 3z B A S L
3. ¢ U S 7 1 4.6 5”3 6 4 8
sind 0 ,—@ 0 1 % sing 1 —é -1 _‘}_5 }

1 1 1 V3 1 V3
cos @ -1 —§ 1 0 ‘\/5 cos 0 0 '2‘ T W ——2—
tanf 0 \/§ 0 und. ~1 tan § und. —\/?I -1 -1

V3 V3
cot § und. —ﬁ und. 0 -1 cotd 0 ——\-}—5 -3 1 -3
sec§ -1 -2 1 und. —/2 sec§ und. 2 2 V2 -2
¥ 75
csc § und. ——\;—g und. 1 V2 cscd 1 —% -2 V2 2
5. (a) cosx = %, tanx:——% (b) s1nx_——-2\3/§,tanx=—2\/§
6. (a) smx--——f,cosx_—\/i5 (b) cosx-—%?tanx:ﬁ
7 (a) ‘ (b) lA ¥ =08 RX

~1}

period =7 period = 2

il T AR

=N TVHL Y

y=cosx

period = 6 period = 1
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9. (ﬂ.) Ii ,\'=L‘0$(\'—§

5
e
N

—IF

period = 27
by Y
! * Tt~ YyFCOSX T
=2 -
0 - — X
-2 ~y=cos (x +i’-)-1
period = 27 period = 27
11. period = %, symmetric about the origin 12. period = 4, symmetric about the y-axis
A | A '
| |
2 s=cor2r s =sec 52—’
f |
1 ]
> . N B
-x x \0 1 r -3 -2 - 2 3
L -1} i
1
|
4t 1
|
13. (a) cos (7 +x) = cos 7 cos  —sin  sin x = (—1)(cos x) — (0)(sin x) = —cos x

(b) sin (27 —x) = sin 27 cos (—x) + cos (27) sin (—x) = (0)(cos (—x)) + (1)(sin (—x)) = —sin x

14. (a) sin(?’T" - x) = sin(%zr-) cos (—x) + cos(377r) sin (—x) = (—1)(cos x) + (0)(sin (—x)) = —cos x

(b) cos (3—2"- +x) = cos (%I) cos X — sin(%r) sin x = (0)(cos x) — (—1)(sin x) =sin x

15. (a) cos(x —%) =cos X cos(—%)— sin x sin(-—%) = (cos x)(0) — (sin x)(—1) = sin x

cos (A —B) = cos (A + (—B)) = cos A cos(—B) —sin A sin (—B) = cos A cos B —sin A (—sin B)
= cos A cos B +sin A sin B

16. (a) sin (x + %) = sin X cos (12"-)4- cos x sin(%) = (sin x)(0) + (cos x)(1) = cos x

37
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(b) sin(A —B) =sin (A + (—B)) = sin A cos (—B) + cos A sin (—B) = sin A cos B + cos A (—sin B)
=sin A cos B —cos A sin B
.IfB=A,A-B=0=cos(A—B)=cos 0 =1. Also cos(A—~B)=cos(A—A)=cos A cos A+sin A sin A
= cos? A +sin? A. Therefore, cos? A +sin?A = 1.
. If B = 2, then cos (A +27) = cos A cos 27 —sin A sin 27 = (cos A)(1) — (sin A)(0) = cos A and

sin (A + 2m) =sin A cos 27 + cos A sin 27 = (sin A)(1) + (cos A)(0) =sin A. The result agrees with the
fact that the cosine and sine functions have period 27.

19.

20.

21.

22.

23.

25.

27.

28.

29.

(a) A=2,B=2r,C=-m,D=-1

Al

i I L x
I 1 z 3n 3
2 2 2 2
-1t
-3

(a) A——% B=4,C=0,D=41
NN
_,_%_\1/ Y

(a) amplitude =|A|=37
(c) right horizontal shift = C = 101

L y=2sin (x + 1)

HIN
HI-—‘

—

»B=

v

(b) A=1 B=2, C=1,D=4

1 1 1 1

1
-2 -1 1 2 3
!
o y ?sm(m rr)+?

VA\ .

y-H S'll T L»0

(b) period =|B|= 365
(d) upward vertical shift = D = 25

(a) It is highest when the value of the sine is 1 at f(101) = 37 sin (0) + 25 = 62°F.
The lowest mean daily temp is 37(—1) + 25 = —12°F.

(b) The average of the highest and lowest mean daily temperatures =

The average of the sine function is its horizontal axis, y = 25.

@F  ®»-F ©F

OF: ®3E  (©

ol

The angle « is the large angle between the wall and the right end of the blackboard minus the small angle

62° + (—12)° .
A e,
%) -5 O () -%
6.3 @I © %

between the left end of the blackboard and the wall = o = cot"l(ls)— cot™1 (%)

65"+ (90° — B) + (90" — o) = 180° = & = 65 — f = 65°— tan™" (21) 65— 22.78° v 42.22°

According to the figure in the text, we have the following: By the law of cosines, ¢? = a% + b2 — 2ab cos 8
—2cos(A—B) =2-2 cos(A—B). By distance formula, c¢? = (cos A — cos B)?

=1241

50

+ (sin A —sin B)?



30.

31

32.

33.

34.

35.
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=cos? A —2 cos A cos B +cos?B+sin?A —2 sin A sin B +sin?B = 2 —2(cos A cos B +sin A sin B). Thus
¢2=2-2cos(A—B)=2—2(cos A cos B+sin A sin B) = cos(A —B) =cos A cos B +sin A sin B.

Consider the figure where § = A + B is the sum of two

angles. By the law of cosines, ¢? =a?+b?—-2ab cos §
=12412 -2 cos(A+B) =22 cos(A +B).

Also, by the distance formula,

¢? = (cos A — cos B)? 4 (sin A -+ sin B)?

= cos? A —2 cos A cos B+cos?B+sin?A + 2 sin A sin B +sin?B
=2 —2(cos A cos B—sin A sin B). Thus,

2 -2 cos(A+B) =2-2(cos A cos B—sin A sin B)

=> cos (A + B) = cos A cos B —sin A sin B.

Take each square as a unit square. From the diagram we have the following: the smallest angle « has a
tangent of 1 = o = tan~! 1; the middle angle 3 has a tangent of 2 = 8 = tan~! 2; and the largest angle v
has a tangent of 3 = v = tan"13. The sum of these three anglesis 7 => a+f+y=7

= tan"!1+tan"12+tan"13 =m.

1

(a) From the symmetry of the diagram, we see that 7 —sec™ " x is the vertical distance from the graph of

y = sec™1x to the line y = 7 and this distance is the same as the height of y = sec”!x above the x-axis at

1

—x; i.e., T —sec” ! x = sec™! (—x).

(b) cos™!(—x) =7 —cos™1x, where -1 <x<1= cos_l(——%) =r—cos”} (}l-f), where x > 1 orx < —1

= sec™! (—x) = 7 —sec™1x

sin™ (1) 4 cos™1 (1) = %+ 0= %;'sin"1 (0) +cos™1(0) = 0 + -721 = 12"—; and sin™! (=1) + cos™! (~1) = —%+ ™= %
If x € (—1,0) and x = —a, then sin™! (x) + cos ™! (x) = sin~! (~a) +cos™! (—a) = — sin"la+(r —cos™1a)
T_7T

=r—(sinla+cosla)=7— 5 =% from Equations (7) and (9) in the text.

x =>tana:xa.ndtanﬁ=31{—:>%=a+ﬂ=ta,n‘1x+tan—1%.

1

From the figures in the text, we see that sin B = % If C is an acute angle, then sin C = % On the other hand,
if C is obtuse (as in the figure on the right), then sin C =sin (7 - C) = % Thus, in either case,
h = b sin C = c¢ sin B = ah = ab sin C = ac sin B.

a? + b% — ¢?

2 2 2
By the law of cosines, cos C = —%5 and cos B =2 +¢ —b°

2ac
interior angles of a triangle is 7, we have sin A = sin (7 — (B + C)) =sin (B + C) =sin B cos C +cos B sin C
_(n\a®+b2 -], |a%+c2-b%|/h)_(_h 2,12 _.2,.2_w2)_ah R

= ('c')[ o + (E>_(2abc)(2a’ +b*—c“+c“—b )_ be = ah = bc sin A.

Jac be

. Moreover, since the sum of the
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Combining our results we have ah = ab sin C, ah = ac sin B, and ah = be sin A. Dividing by abc gives

b _sinA_sinC_sinB
bc™ @ ¢ b

-

law of sines

. . sin A cos B | cos A sin B
36 tan(A_*_B)_'SIII(A'i'B)=smAcosB+cosAcosB_cosAcosB cos AcosB_ tan A+tan B
) " cos(A+B) cosAcosB—sinAsin B cosAcosB_sinAsin B 1—tan A tan B
cos Acos B cos A cos B

37. (a) ¢? = a®+b% - 2ab cos C = 22 + 3% —2(2)(3) cos (60°) = 4 + 9 — 12 cos (60°) = 13 — 12 (%) =T.
Thus, ¢ = /7 ~ 2.65.
(b) ¢? =a?+b? —2ab cos C = 22 + 32 — 2(2)(3) cos (40°) = 13 — 12 cos (40°). Thus,

=+/13—-12 cos 40° ~ 1.951.

38. (a) By the law of sines, sm2A sm B_ \/_/ 2. By Exercise 55 we know that ¢ = \/7 .

Thus sin B = ?: 0.982.
(a) From the figure at the right and the law of cosines,
b? = a2+ 2% — 2(2a) cos B = a2+4—4a(%)= a?-2%a+4.

Applying the law of sines to the figure, sm sin A _ sn;)B

= @ = [b/_2 =>b= \/%a. Thus, combining results,

a2—2a+4=b2=%
= 0 =a%+4a—8. From the quadratic formula and the

—4+ /4% - 4(1)(-8)
ol 4\/_ 4~ 1.464.

2

a2=>0=%a2+2a—4

fact that a > 0, we have a =

39. (a) The graphs of y =sin x and y = x nearly coincide when x is near the origin (when the calculator
is in radians mode).
(b) In degree mode, when x is near zero degrees the sine of x is much closer to zero than x itself. The
curves look like intersecting straight lines near the origin when the calculator is in degree mode.

40. (a) Cos x and sec x are positive in QI and QIV and
y = cos X y Y=
negative in QII and QIII. Sec x is undefined when lk

cos x is 0. The range of sec x is (—o0, —1] U [1, 00); 2
. n

aiﬂ * l ]

the range of cos x is [—1,1].




