R \ In Exercises 13-16, find and sketch the level curves f(x,y) = ¢ on
—— the same set of coordinate axes for the given values of ¢. We refer to
these level curves as a contour map.

13. f(x,y) =x+y-1 ¢c=-3,-2,-1,0,1,2,3

14. f(x,y) = x2 +y2, ¢ = 0,1,4,9,16,25
15. f(x,y) = xy, ¢ = -9,—-4,-1,0,1,4,9
o f(x,y)=+v25-x2-y2 ¢=0,1,234

Cielos c(F redius {9S-c= .

C=Q" erdlffrraeﬂuug
C=1° Cz\v'“dﬂ,zé rodlti (2%
c=2 - cide o reels {2\
C=2" U{V‘COQ V@E—QM/I L{’
=G - crele radun .




lz \ In Exercises 17-30, (a) find the function’s domain, (b) find the func- @) BO . -
— . tion’s range, (c¢) describe the function’s level curves, (d) find the WOy ' S d/JgCQQ .
boundary of the function’s domain, (e) determine whether the domain

is an open region, a closed region, cither, ¢ ecide w er | ):]M:Q’ -
is an open region, a closed region, or neither, and (f) decide whether ‘@) 3 bWAM ‘

the domain is bounded or unbounded.
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\3 \ In Exercises 17-30, (a) find the function’s domain, (b) find the func-

—J tion’s range, (¢) describe the function’s level curves, (d) find the
boundary of the function’s domain, (e) determine whether the domain
is an open region, a closed region, or neither, and (f) decide whether
the domain is bounded or unbounded.

28. f(x,y) = ‘a"'(%)
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2-_Display the values of the functions in Exercises 37-48 in two ways: l{)) ) - -
(a) by sketching the surface z = f(x,y) and (b) by drawing an -Pé( )j C p C O)‘l ) l) 9\) 2

Functions of Two Variables

<

assortment of level curves in the function’s domain. Label each level

curve with its function value. C O L(' )(7-—t 2
Cw r
3. f(x,y) = y* 38, flxy) = V= &Q adiug 2

)
39. f(x.y) = 2% + y? 40. f(x.y) = X7 + 2 c=-lt S- )c-t urde "6 codlus |5
41. f(x,y) = x2 -y B2 (x,y) = C/' “ Q\N‘dﬂ % n F

=4 — x2 — y2
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B 2 No Limit Exists at the Origin

——= By considering different paths of approach, show that the functions in
Exercises 41-48 have no limitas (x,y) — (0,0).

41. f(x,y) = - ‘+ - B (x,y) = : =
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R2 Theory and Examples
— In Exercises 49-54, show that the limits do not exist.
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Using the Limit Definition <\)( ‘
\E § 2,
\;3_,2 Each of Exercises 73-78 gives a function f(x, y) and a positive num- > 3 X’Q(g\ X “\‘
ber . In each exercise, show that there exists aé > 0 such that for all
(x,9) & $=%=o0, ol e
Jx2 4+ y2 <6 = |f(xy) - £(0,0) <

(x,y) = x2+ y2, €= 0.01 M l& W <5h0'0') M

73 f{xy)
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R2 Each of Exercises 79-82 gives a function f(x,y,z) and a positive

/s
——— number &. In each exercise, show that there exists a & > 0 such that S‘») Y€ﬂ‘ 4\ Z 2 [/u~€ {*M
for all (x, y, z),
2 2 ) 9 2) = f(O()O X‘t <£ ‘HAQ{/\

7. f(x,3,2) =x2+y2+ 2%, € =0.015 l@(}, 2 PO 0,0 l<(g

B (x,y,z) = xyz, € = 0.008 :l ) ( / 3 )é +}) S‘j /
R .\'+_\'+: e

8L fl(x;»2) = o= BT T | 0.015

82. f(x,y,z) = tan?x + tan2y + tan2z, ¢ = 0.03
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B > Each of Exercises 79-82 gives a function f(x,y,z) and a positive
<~  number &. In each exercise, show that there exists a & > 0 such that
for all (x, y, z),

»32) — £(0,0,0)]
f(xynz) =x2+y2+ 2% e=0.015
80. F(x;y.z) = xyz, €= 0008
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82.0f(x,y,z) = tan?x + tan?y + tan2z, ¢ = 0.03
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