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19. The number N (in millions) of cellular phone subscribers
worldwide is shown in the table. (Midyear estimates are given.)

!

1990

1992 1994 1996 ‘ 1998 | 2000 |

N

11

26

60 160 ‘ 340 | 650 J

(a) Use the data to sketch a rough graph ol N as a function of r.
(b) Use your graph to estimate the number ol cell-phone sub-
scribers at midyear in 1995 and 1999.
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22. A thu ical hul}uun with radius » centimeters has volume
Vir) = -_; °. Find a function that represents the amount of air
required to ||‘|ihllL the balloon from a radius of r centimeters L0
a radius of » + | centimeters.

(sol) A volume of spherical balloon with radius r—+1 1s
4 4

Iel'r'—~1"*—3 w(r+1) = 3 w(rP+3rf+3r+1).

We wish to find the amount of air needed to inflate
the balloon from a radius of r to r+1.

Hence, we need to find the difference

Mir+1)— Wr)= é-[r3+3r2+3r—!—1}—§rr3
£
3

r(3rf+3r4+1)
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33-44 Find the domain and sketch the graph ol the function.

N S
36. H(t) =

2 — 1

14—t (24t)(2—1)

(sol) H(t)= ™ =

o for t=2, H(t)=2+4t.

The domain is {t | t=2}.

50 the graph of 15 the same

as the graph of the ft f(t)=¢t+2
except for the hole at (2,4).
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61-62 Graphs of f and g are shown. Decide whether each function
Is even. odd, or neither. Explain your reasoning.

62. VA

(sol) f is not an even function since it 1S not svmmetric with
respect to the v — axis. f 13 not an odd function since it 1s not

symmetric about the ornigin. Hence, f 15 neither even nor odd.
g 15 an even function because 1ts graph 15 svmmetric with respect

to they — axis.
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64. A function f has domain [ —5, 5] and a portion of its graph is
shownn.
(a) Complete the graph of f if it is known that / is even.
(b) Complete the graph of f if it is known that f is odd.
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(sol)(a) If f is even, we get the rest of the graph by
retflecting about the v — axis.

i

[ X

(b) If f is odd. we get the rest of the graph bv
rotating 1380° about the ongn.

|'IIJ

)~

-
X
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I-2 Classily each function as a power function, root function,
polynomial (state its degree), rational function, algebraic function,
trigonometric function, exponential function, or logarithmic
function.
flr)=—¥{z i unction with n=>5.
(sol) (a) flz)=—%z is a root function with n
(b) glz)=+v1—2" is an algebraic function because
1t 1S a root of a polynomial.
(c) h(z)=2z+z* is a polynomial of degree 9.
e o |

3+ x

(d) rlz)= is a rational function because

1t 15 a ratio of polynomials.
(e) s(z)=tan2x is a trigonometric function.
() t(x)=log,x is a logarithmic function.
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19-20 For each scatter plot, decide what type of function you
mieht choose as a model for the data. Explain your choices.

20. (a) (b)
VA VA o

(sol) (a) The data appear to be increasing exponentially.
A model of the form flr)=ab® or flz)=ab"+c
Seems appropriate.
(b) The data appear to be decreasing similarly to
the values of the reciprocal tunction.

A model of the form ,ﬂ:ﬂZ% Seems appropriate.
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4. The graph of f is given. Draw the graphs of the following
functions.

(-':1_) v :f{‘[’ + 4) l’h} y = f{#‘:) + 4
{'E'] W= ?.f[,l) (d) y = _;f[j_] 43
] v
AN
| ' , \.
—1
ol [T T
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(sol) (a) To graph y=flz+4) (b) To graph y=flz)+4

we shift the graph of f.
4 units to the left.

Va

0]

SEECS KNU

-

we shift the graph of 1.
4 units upward.

_1|I L3

AN
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| (d) To graph ﬂ:%f:’_x_};g__
(c) To graph y=2f(z)

we stretch the graph of t
vertically by a factor of Z.

we shrink the graph of
vertically by a factor of 2,
then reflect the resulting graph
about the X—axis. then shift

the resulting graph 3 units upward.
YV

0 X \ /\*__

0

k3

b
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31-36 Find the functions (a) feg, (b)ygef,(c) fef.and(d)g°yg
and their domains.

]

32, f(x) =x—2, glx) =x"+3x+4

sol) D=R for both f and g. and hence for their composites.
(sol) p
(@) (f o glz)=Fflglz))=f(2*+3zx+4)=2*+3x+4—-2=1"+32+2
(b) (g = Flx)=g(f(x))=plz—2)=(z—-2)+3(z—2)+4=0"—2+2
() (f s llz)=Ffflz))=flz—2)=(z—-2)-2=1—14
(d)(g o glz)=glglz))=glz®+30+4)=(2*+32+4 ) +3(r* +3x+4) +4

= r* 4+ 623+ 200°+ 33+ 32
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37-40 Find feg-©° A.
37. fix)=x+1, glx)=2x, hx)=x—1
(sol) (f = g « h)z)=F(g(h(z)))
=flglz—1))
=f(2(x—1))
=2(r—1)+1

=2r—1
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35. A ship 1s moving at a speed of 30 km/h parallel to a straight
shoreline. The ship is 6 km from shore and it passes a light-
house at noon,

(2) Express the distance s between the lighthouse and the ship
as a function of d, the distance the ship has traveled since
noon; that is, find f so that s = f{(d).

(sol)
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(b) Express d as a function of ¢, the time elapsed since noon;
that 18, find g so that d = g(1).

(sol) velocitv = distance / time
distance = (velocity)(time)
S — 30

(¢) Find fe g. What does this function represent?

(so0l) fog=+(30¢)2+36 = 0002+ 36

5= /000t + 36
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59. Let f and g be linear functions with equations f(x) = mx + b,
and g(x) = max + ba. Is fo g also a linear function? If so, what
s the slope of its graph?

(sol) (f o glx)=(flglx))

M (Mot +by) + by

M 4ME + m by + by

. f = g 15 also a linear function

slope - mym,
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17-18 Find the exponential function f(x) = Ca"* whose graph 1s
given.
Ly "\r (spl) Given the v—intercept (0.,2),
2\1 we have y= Ca* =2qa".
1| .. : ? .
4 Using the point {E’E} gives us
N
\ 2 1 1 .
o 0.2) g = 20=>g=a=a=7. [since a>0].
S~ o 1 "
0 > The tunction 1s fl“_:r.}:E[E}I g flel=331 "
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19. If f(x) = 5%, show that

fa+m—Ffm _ ( 5" 1)
h i h

flz+h)—fl) _ 5°P—5" _ 5%(5"—

(pf) If f(x)=5", then — b _

1)

r
h h h
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117.] 1If glx) =3+ x + e, find g '(4).

(pf) First, we must determine such that glz) =4.
BEv inspection, we see that it x=0, then glz)=4.
Since g 15 1—1(g is an increasing function),

it has an inverse, and g “(4)=0.
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YA
18. The graph ot f 1s given. T
(a) Why 1s f one-to-one?
(b) What are the domain and range of f % |
" R R S ke ¥ oy 7
(C) Whrat 1s the value ol __}‘ | []_}. / ol 1 T
(d) Estimate the value of f '(0). |
!

(sol) (a) f 1s 1-1 because i1t passes the Horzontal Line Test.
(b) Domain of f=|—3.3|= Range of f %
Range of f=|—1.3]= Domain of .
(¢) Since f(3)=2, f~(2)=3.
(d) Since f(—1.7)=0, f0)=-1.7
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the Celsius temperature C as a function ol the Fahrenheit tem-
perature F. Find a formula [or the inverse function and interprel
it. What is the domain of the inverse function?

(sol) We solve C=—=(F-32) for F: %E‘z F—SE:«F:%CJrSE.

0 |

This @ives us a formula for the inverse function.
that 18, the Fahrenheit temperature F as a function

of the Celsius temperature (.
F=— 4-59,f3?=2=~g C+32 =—450.6T= gﬂ':_* —491.6T=" =—273.15,

) 1

the domain ot the inverse function.
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21-26 Find a formula for the inverse of the function.

B f(x) =e*

(z0l) ,f[:r}:efﬂ:*;r:efﬁﬁlnﬂ::ﬁ#:r Viny.

1
<

Interchange z and y : y= ¥/Inzx

S0 f )= ¥{Ilny.
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B 27-28 Find an explicit formula for £ ' and use it to graph /',
f. and the line vy = x on the same screen. To check your work, see
whether the graphs of / and f ' are reflections about the line.

18. jix)=2 — e’ :

(sol) y=2-e"=22—y=¢" 1 - _____ ______

= r=In(2—y) 05
Interchange x and y :

y=In(2-z)

So fHz)=ln(2—1).

e | 6§ Bh
A8 —— y=in(2x) [---3--m-deoe e
S A

15 -t 065 0 05 1 15
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31. (a) How 1s the logarithmic function y = log,x defined?
(b) What is the domain ol this function?
(¢) What is the range of this function?
(d) Sketch the general shape of the graph of the function
y=log.,x ita>1.

(sol) (a) It is defined as the inverse of the exponential

function with base a. that 1s, logx = 1=a"=1.

(b) (0,c0)
(¢) R
(d) See Figure 11.
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59-64 Find the exact value of each expression.

59. (a) sin '[1?@) (b) cos '(—1)
(sol) (a) sin~f “*’f )=1
since sin —= V3 and — is in [— —. .
3 ? 3 g g

(b) cos ' (—1)== since cosw=—1 and = is in [0.x].
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62. (a) cot '{—-.;ji} (b) arccos(—;)
- B ﬁ s ¥ 1
(sol) (a) cot ' (— V3 )=a=>cotla)=— V3 =tan ‘a=— o
v
. ~
W 1 1
(b) cos™ (=) =8=c0s(B) =—~
2
o
3
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7. For the function g whose graph 1s given, state the value of
each quantity, if 1t exists. It it does not exist, explain why.

va

N

— Y

SEECS KNU

(sol) (a) himg(t)=—1

—0

(b) limg(t)=—2
t—0"

(¢) limg(t) does not exist.
t—{

(d) limg(t)=2

t—2~

(e) limg(t)=0

t—2t

(f) img(t) does not exist.

1—2
Le) pid) =1
(h) limg(t)=3
—=d
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9. For the function / whose graph i1s shown, state the following.

HEEEEN NRE e l\
|
T TN
\\ /’/ |\U/ \ ,ﬂ*"“‘m H&}:
\-\_? 4 —3 0 \_1 | \ 6 | ¥
\ / ] HERN
L\ - HEEEL
|| || | I
(sol) (a) lim filz)=—co (b) iy fie =0
r——7 Ir——3
(¢) limflzr)=c (d) limf(z)=—o
— b

(e) limf(x)=c
r—t

(f) The equations of the vertical asvmptotes are
Tty m=—aar=0and s=8:
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25-32 Determine the infinite limit.

15. im o
X ”‘1|| —

N

(so0l) Iim . —= 00

P L

since (z—5)—0 as r—5" and :iﬁ'} 0 for z>5.

39 B
. hm —
=2t XX + 2)

a1

(sol) lIim —; =— o0
a7 T (2+2)

1
- | g 6) i A el
r(rx+2)

since (z+2)—0 as r——2" and
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31. him  secx

e 0
m) =)

1
COS I

e
et

(sol) lim secx= lim

F—sl — /2 p—al— /2

since cosz—0 as r—(—7n/2)” and cosz <0 for —n < zen/2.
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13-14 Evaluate the limit and justify each step by indicating the
appropriate properties of limits,

3 3
. 12x —5x+2 : | 2x —5x+2 s
14, lim : EI - lim — " - : [ Linut Law 11]
R l+dx +3x =00 |44y +3x

o 12-5ix 2l g 3
== | lim ; [ divide by x|
v—=00  |/x +4{x+3

. o LU
lim (12-5/x +2/x )
A— Ol

- [ Linut Law 3]
lim (1/x +d/x+3)

X— O

\/ lim 12-lun {5r"r2}+lim II'-’--"'-‘L'S:I

R s A=k 30 L— Ol

: [ Limat Laws 1 and 2]
Ihm (1/x )y+him (4/x)+ ]l 3

X—= D0 X— T30 X— OO

SEECS KNU Tutorial Lab 1 March 18-20, 2008 (32/37)



> 3
| 2-5lim (L/x A2lim (1/x7)

- nd i [ Limit Laws 7 and 3]
lim (1/x)+4lim (1/x)+3
R R W= 50
T 4
_ | 1225(0)72(0) | Theorem 5 of Section 2.5 ]
0+4{0)+3

12 “J’_
3
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15-36 Find the limit.

, 2 5 lim (l/x -1/x-1)
| | —x—x _ | — ‘_'.' f_.' T
7 i : i ( :: X ]n‘! _ X——00 :
A0 Jp T A== (2 _T)x hm (2-7/x )
X—> =00

lim (L/x )»lim (1/x)-lim 1

R Rt A=+ —CO Xp=0 0-0-1 1
2 oF -
lim 2-7hm (1/x) 2-7(0) 2
A—r =D A — =00
xE2 - (x+2) /x 1+2/x 1+0 1
=l1m : =lim ==
s

99 limn =
o 1{9;41 g \Iﬂn‘z+lﬂjx" 7% 2 o41/2” “l
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J 7
;. . 3 & .
. ( 2 ) ; ( \| Ox +x —3:!:) ( '||| Ox +x +3:|.') _ ( '9:-.'.—,1.’) —(3x)"
lim Ox +x-3x] =lim =] —

. S
T— 00 ; 2 ; 2
et Q4 45 +3y e \ 9x +x+3x
7 7
(‘J;r +x)—9:r : A 1/x
=lumn =lumn 1
i . 2 A
B 'I,|| Oy +x+3y ™ '|||| Ox +x+3x
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34. limtan—'(z°—z% = limtan—*(z*(1 —z%)).

T T—D
If we let t=z(1—-z°), we know that t——c as z—m,

gince r*—oo and 1—-r—>—oo.

So limtan™(c*(1~2%) = lim ten % =T

T—TD T——o0
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57.| Find lim,—. f(x) if, for all x > 1,

0e' =21 _ .\ SV
= X)) =
2 f-rll | 'o.b.-";-l — I.
. 1065 =21 21
(sol) Iim( e J=lim{——)=5
i e = EE‘T s J_E.i'
3 "-JEE . 3 xfT =
lim — = |l
I—=0 ".,-":f_l T—oD I|I
Vg
T
By squeeze theorem. limflz)=5
JI—r
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