42 CHAPTER 1

m Exercises

FUNCTIONS AND LIMITS

1. Suppose the graph of fis grven. Wnte equations for the graphs

that are obtained from the graph of 1 as follows.

(2} Shift 3 units upward.
(e} Shaft 3 units to the nght
(e} Reflect about the x-axis.

(b)) Shift 3 units downward.
(d) Shift 3 units to the left.
(f) Feflect about the j-ams.

(g) Stretch vertically by a factor of 3.
(k) Shrink vertically by a factor of 3.

2. Explam how each graph 1s obtained from the graph of y = Flx).

(@) y= fix) + 8
() y = 8BAx)
@ y=—fld -1

3. The graph of y = flx) 1z given. Match each equation with its

) y= flx+ 8)
{d y= fiBx)
() y=8(5x)

graph and give reasons for your choices.

@ y=flx - 4) ® y=x) +3
(c) y =545 d y=—flx+ 4
(&) y=2fx + 6)
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4. The graph of Fis grven. Draw the graphs of the following
funchons.
(a) y=flx) -2 ) y=fx—12)
(€) y= —2f(x) @ yp= i) +1
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5. The graph of [ is grven. Use it to graph the following

funetions.
(@) y= 20 @) y=fzx)
(e} y=f—x) d y=—fl—-x
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1. Homework Hints available at stewartcaloulus. com

6-T The graph of y = +/3x — »” is given. Use transformations to
create a funchon whose graph 15 as shown.
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8. (2) How 15 the zraph of y = 2 sin x related to the graph of
¥ = sinx? Use your answer and Figure 6 to sketch the
graphof y = 2 sin x _

(b) How 15 the graph of y = 1 + /x related to the graph of
¥= Y";'." Use your answer and Figure 4(3) to sketch the
graphof y =1 + Jx.

9-24 Graph the function by hand, not by ploting pomts, but by
starting with the graph of one of the standard functions miven m See-
tion 1.2, and then applymg the appropnate transformathions.

1 3
8 y= P 0 y=ix—1})
"N y=—-ix 12 y=x"+6x+4
11 y=+x—-2-1 14. y =4 sin3x
] 2
15. y = smlz. 16 yv=— —2
y = sim(zx) ==
1. y =11 — cosx) W y=1-2,xF3
18 y=1—2x—x* A y=|x| -2
N y=|x—2 7. '—itan.x—l.
¥ 2 L ¥=7 F
H._Ir'=|w.-"';— 1] M. y=|cosTx

25, The city of Mew Orleans is located at latttude 30°N. Use Fig-
ure 9 to find a function that models the pumber of howrs of
dayhght at Mew Orleans as a funchon of the tme of year. To
check the accuracy of your modsl use the fact that on March 31
the sun nses at 5:51 AM and sets at 6:18 PM in New Oileans.



26. A vanable star 15 one whose brightness altemnately inereases
and decreases. For the most visible vanable star, Delta Cepher,
the time between penods of maximum brightness is 5.4 days,
the average bnghtmess (or magnitude) of the star 1z 4.0, and its
bnzhiness vanes by *=0.35 magnitude. Find a funchon that
models the brightness of Delta Cephel as a function of time.

27. (a) How is the graph of y = f{| x|) related to the graph of /7
{b) Sketch the graph of y = sin | x|.
(<) Sketch the graph of y = /] x].

28. Use the given graph of £ to sketch the zraph of y = 1/x).

Which features of  are the mest important in sketching
v = 1/fx)? Explam how they are used.

29-30 Find (a) F+ g, (b) £ — g, () fg, and (d} g and state ther

domains.
200 fAx) = 2 + 247 ylfx] =Jx?t-1

3. Ax) =43 —x, g{x] =t =1

SECTION 1.3 NEW FUNCTIONS FROM OLD FUNCTIONS

41-45 Express the fanction in the form f2 g.

. Fx = 2x+ %) 2. Fix) = cos’x
3 |
— il — i X
43 Fix) = T+ 3% M. Gl .\||1 g
. 5 __ ftanr
85, oy} = sec(s*) tan(#*) 8. ) R

43

47-49 Express the funchion m the form fege f
. By =+x -1 8. Hx) =32+ |x]|

49, M2 = sec*(Vx)

31-36 Find the functions () fo g, (bl g« f, () fo fand (d)gog
and ther domains.
N Ax)=x—1, g{x]=3x+ 1
R Ax)=x—2, glx)=x"+3xr+4
1 fix)=1- 3,

g[ﬂ = cos x

MW i) = 1.-";, g{x] =4l —x

1 xr+1

) =xr+— AT

B M) =x - alx) o
x .

36 fx) = T glx} = sin 2x

37-40 Find fego h

37 fix) =3x -2, Hx) = x?

glx) = sinx,
W/ Ax)=|x—4|, glx)=27 hix)= Jr
3, Ax) =4 — 3, gfx] = x:, B =5 +2

W fx) = tmx, glx) =—— i) =Ix
o

1

50. Use the table to evaluate each expression.
(a) figll)) (b gl A1)
(d) glglLhh (e) (g= (3

{c) ALALY)
(£) { Fo g)(6)

x 1|23 |4 |35 |s
fa | 3 1 [ a2 2| s
gt |6 |3 2|1 |23

51. Use the given graphs of £ and g to evaluate each expression,
or explain why 1t is undefined.
(@) fg(2)) {B) gl F0))
(d) (g=Aig) (e) (geghi-2)

w

() { feg)l0)
(f) (o))

52. Use the given graphs of / and g to estmate the value of
flglx)) for x= -5, -4, -3,..., 5. Use these estimates to
sketch a rough graph of =g
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CHAPTER 1 FUMNCTIONS AND LIMITS
A stone is dropped into a lake, creating a circular npple that
travels outward at a speed of 60 cm)'s.
(a} Express the radius rof this erele as a function of the
fime ¢ {10 seconds).
{(b) If Ais the area of this circle as a functon of the radms, find
Ao r and mterpret it.

. A spherical balloon is being mflated and the radius of the bal-

loon 15 mcreasing at a rate of 2 cm/s.

{a) Express the radms rof the balloon as a function of the
time ¢ {1n seconds).

(1) If I iz the volmme of the balloon as a finetion of the radins,
find ['o rand interpret it

A ship 15 moving at a speed of 30 km,/h parallel to a straight

shoreline. The ship 15 6 km from shore and it passes a light-

house at noon.

(a) Express the distance s between the lighthouse and the ship
as a function of o, the distance the ship has traveled since
noon; that is, ind f so that 5 = fd).

{(b) Express d as a funchon of ¢, the ime elapsed since poon;
that is, find g so that d = g{1).

(c) Find (=g What does this funetion reprasent?

An airplane 15 fiying at a speed of 350 mu/h at an alttude of

one mile and passes directly over a radar stahion at time ¢ = .

{a) Express the honizontal distance o (in males) that the plane
has flown as a funchon of ¢.

() Express the distance s between the plane and the radar
station a5 a funchon of d.

(¢} Use composition to express s as a funchon of /.

The Heaviside function 1 is defined by

0 fr=0
‘!‘{"}_{1 ifr=0

It 15 used in the study of electnic circuits to represent the

sudden surge of electnc current, or voltage, when a swiich 15

instantaneously tumed on.

{2} Sketch the graph of the Heavizide function

(b) Skatch the graph of the voltage i) in a cireuit if the
switch 15 tarned on at time ¢ = 0 and 120 volts are apphed
mstantaneously to the ciremit. Write a formula for V(7) m
terms of A1),

62

3.

() Sketch the graph of the voltaze i) in a circuit if the
switch 15 tarmed on at time ¢ = 5 seconds and 240 volts are
applied imstantaneously to the circwt Wiite a formula for
Fig) in terms of flls). (Mote that starting at = 5 corre-
sponds to a translation )

The Heaviside function defined in Exercise 57 can also be used
to define the ramp function y = coffls), which represents a
gradual increase 1n voltage or current m a eireut.

(2} Sketch the graph of the ramp function y = 1.

(b) Sketch the graph of the voltage i) in a circuit if the
switch 15 fumed on at time f = 0 and the voltage 15 gradu-
ally increased to 120 volts over a 60-second time interval
Write a formula for M) in terms of FfA# for ¢ = 60.

(c) Sketch the praph of the voltage 4l in a circuit if the
switeh 1= tmmed on at time ¢ = 7 seconds and the voltage is
gradually mereazed to 100 volts over a period of
25 seconds. Write a formmla for M) in terms of 14 for
=31

. Let £ and g be linear functions with equations flx) = mx + B

and glxl = mmx + be. Is £= g also a linear function? If so.
what 1s the slope of its graph?

. If vou invest x dollars at 4% interest compounded annually,

then the amount Al x) of the mvestment after one year is
Ax)=104x Find Aed Aoded and 4o 4o 4o 4 What
do these compositions represent? Find a formula for the com-
position of 1 copies of A

(a) If gix) = 2x + 1 and hix) = 42" + 4x + 7, find a function
f such that £ g = A (Think about what operations you
would have to perform on the formula for g to end up with
the formula for A.)

(&) If Ax) =3x + 5and Mx) = 3x® + 3x + 2, find a funchon
g such that f=g=h

If flx) = x + 4 and hix) = 4x — 1, find 3 function g such that
gef=h

Suppose g i1s an even function and let i = £< g. Is f always an
even funchon?

. Suppose g 13 an odd function and let i = £+ g. Is & always an

odd function? What if 15 odd? What if fis even?



