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‘) 1342 0O CHAPTER 14 PARTIAL DERIVATIVES
7. f(z,y) =vz—2+y—1. V/z —2 is defined only whenz — 2 > 0, or 4
z > 2,and /y — 1 isdefined only wheny — 1 > 0,0ry > 1. So the
domainof fis {(z,y) |z > 2, y > 1}. 1]
’ 0 2 x

@f(a:, y) = ¥/ —3y. ¥z — 3y is defined only when z — 3y > 0, or

x > 3y. So the domain of f is {(z,y) | = > 3y} or equivalently

{@v) |y < 32}

9. g(z,y) = V& + /4 — 42? — y2. V/z is defined only when z > 0.

/4 — 422 — y? is defined only when4 — 42% — 4> >0 &

1> 244y So the domain of g is {(z,v) | z* + 1y* < 1,z > 0}.

) 10. g(z,y) = In(z® +y* — 9). In(2? + 42 — 9) is defined only when
+9y*-9>0 & z*+y*> 9. Sothe domain of g is

{(z,9) | 2* +9* > 0}.

1. g(m,y):%_{-—%. gisnotdefinedifz+y=0 <« y=-—x(and

is defined otherwise). Thus, the domain of g is {(z,y) | y # —z}, the set of

all points in R? that are not on the line y = —=.

12, g(z,y) = 11?_—22:_—_% In(2 — ) is defined only when 2 —z > 0 <

z < 2. Inaddition, g isnot defined if 1 — 2> - =0 © 22+y%=1.
Thus, the domain of g is {(.'z:,y) |z <222 +y°# 1}, the set of all

points to the left of the line z = 2 and not on the unit circle.
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Vor emed
= +ﬁ . 4/ zy is defined only when zy > 0. Further, p is defined
onlywhenz+1#0 < z# —1.Sothe domainofpis

{(z,v) |2y >0,z # —1}.

P

13. p(z,y) =

14, f(z,y) = sin™(z + ). sin!(z + y) is defined only when
~1<z4+y<1l & -—1-z<y<1—z Thus,the domainof fis
{(z,y) | =1 — = <y < 1 — z}, which consists of those points on or

between the parallel inesy = —~1 —~zandy =1 — z.

15) fz,y,2) = V4 — 22 + /9 — % + /1T — 22. f is defined only
whend—2>>0 & —-2<z<2%amd9-42>0 &
~3<y<3andl-22>0 & —1<z< 1. Thus, the domain
of fis{(z,9,2)| -2<2<2, -3<y<3, -1<2<1},
which is a solid rectangular box with vertices (£2, +3, +1)

) (all 8 combinations).

18, f(z,y,2) = In(16 — 4% — 4y® — 2?). f is defined only when

2 2 2

—da? — 4o — 32 r Ly 2
16 —4z* —4y* — 2" >0 = 4—{—4°i-16<1.Thus,
o? P _
D= {(m,y, z) =t T + 6 < 1}, that is, the points inside the
xR
ClllpSOldz+—Z+1—6-——1

17. (a) £(160, 70) = 0.1091(160)%425(70)* " = 20.5, which means that the surface area of a person 70 inches (5 feet 10
inches) tall who weighs 160 pounds is approximately 20.5 square feet.

(b) Answers will vary depending on the height and weight of the reader.
18. P(120,20) = 1.47(120)°5(20)°%5 ~ 94.2, so when the manufacturer invests $20 million in capital and 120,000 hours of
labor are completed yearly, the monetary value of the production is about $94.2 million.

19. (2) From Table 1, f(—15,40) = —27, which means that if the temperature is —15°C and the wind speed is 40 km/h, then the

air would feel equivalent to approximately —27°C without wind.

(b) The question is asking: when the temperature is —20°C, what wind speed gives a wind-chill index of —30°C? From

Table 1, the speed is 20 km/h.
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22. (2) The cost of making = small boxes, y medium boxes, and z large boxes is C = f(z,y, z) = 8000 + 2.5z 4 4y + 4.5z

dollars.
(b) (3000, 5000, 4000) = 8000 + 2.5(3000) + 4(5000) + 4.5(4000) = 53,500 which means that it costs $53,500 to make
3000 small boxes, 5000 medium boxes, and 4000 large boxes.

() Because no partial boxes will be produced, each of «, y, and z must be a positive integer or zero.

23. The graph of f has equation z = y, a plane which 24. The graph of f has equation z = z®, a parabolic cylinder.
intersects the yz-plane in the line 2 = y, z = 0. The

portion of this plane in the first octant is shown.

25, z = 10 — 4z — 5y or 4z + 5y + z = 10, a plane with 26. z = cosy, a cylinder.
intercepts 2.5, 2, and 10.

{2.5,0,0)

z = 2 — % ~ 4, a circular paraboloid opening

downward with vertex at (0, 0, 2).
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33. The point (—3, 3) lies between the level curves with z-values 50 and 60. Since the point is a little closer to the level curve with
z = 60, we estimate that f(—3,3) =~ 56. The point (3, —2) appears to be just about halfway between the level curves with

z-values 30 and 40, so we estimate f(3, —2) ~ 35. The graph rises as we approach the origin, gradually from above, steeply

from below.

34. (a) C (Chicago) lies between level curves with pressures 1012 and 1016 mb, and since C appears to be located about
one-fourth the distance from the 1012 mb isobar to the 1016 mb isobar, we estimate the pressure at Chicago to be about
1013 mb. N lies very close to a level curve with pressure 1012 mb so we estimate the pressure at Nashville to be
approximately 1012 mb. S appears to be just about halfway between level curves with pressures 1008 and 1012 mb, so we
estimate the pressure at San Francisco to be about 1010 mb. V' lies close to a level curve with pressure 1016 mb but we
can’t see a level curve to its left so it is more difficult to make an accurate estimate. There are lower pressures to the right
of V and V is a short distance to the left of the level curve with pressure 1016 mb, so we might estimate that the pressure at
Vancouver is about 1017 mb.

(b) Winds are stronger where the isobars are closer together (see Figure 13), and the level curves are closer near S than at the

other locations, so the winds were strongest at San Francisco.

35, The point (160, 10), corresponding to day 160 and a depth of 10 m, lies between the isothermals with temperamre'values
of 8 and 12°C. Since the point appears to be located about three-fourths the distance from the 8°C isothermal to the 12°C
isothermal, we estimate the temperature at that point to be approximately 11°C. The point (180, 5) lies between the 16 and

20°C isothermals, very close to the 20°C level curve, so we estimate the temperature there to be about 19.5°C.

If we start at the origin and move along the z-axis, for example, the z-values of a cone centered at the origin increase at a
constant rate, so we would expect its level curves to be equally spaced. A paraboloid with vertex the origin, on the other hand,
has z-values which change slowly near the origin and more quickly as we move farther away. Thus, we would expect its level
curves near the origin to be spaced more widely apart than those farther from the origin. Therefore contour map I must

correspond to the paraboloid, and contour map II the cone.

37. Near A, the level curves are very close together, indicating that the terrain is quite steep. At B, the level curves are much

farther apart, so we would expect the terrain to be much less steep than near A, perhaps almost flat.

38.
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51. The level curves are 3/22 + 42 =k or z?+ 4% = i® 52, For k # O and (z,y) # (0,0), k = w2—y- &

(k > 0), a family of circles centered at the origin with

radius k%/2,

@ The contour map consists of the level curves k = 22 + 9y, a family of
ellipses with major axis the z-axis. (Or, if k = 0, the origin.)

The graph of f(z,y) is the surface z = 2> + 9y, an elliptic paraboloid.

y

e

f)

/

+ y2
w2+y2_%:0 & a;2+(y—§1§)2=27];;—2-,afamily

of circles with center (0, 5% ) and radius & (without the

origin). If k = 0, the level curve is the z-axis.

y

N

If we visualize lifting each ellipse k = 2% 4 9y of the contour map to the plane

\

z = k, we have horizontal traces that indicate the shape of the graph of f. x
54, Y The contour map consists of the level curves k = /36 — 922 — 4y2 =
! 922 + 4y = 36 — k%, k > 0, a family of ellipses with major axis the
~3 y-axis. (Or, if k& = 6, the origin.)
4
—

\

X

[continued]
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9.

60.

61.

62,

63.

65.

Fz,y) = e~/ (sin(2?) + cos(y?))

f(z,y) = cosz cosy

2

00O

NaaN=\%

The traces parallel to either the

Yz~ or Tz-plane are cosine curves ~2r &ME%M& 27
vﬁvith e:)n:pliltudes that vary E@E@

-2

z = sin(zy) @®cC by
Reasons: This function is periodic in both  and y, and the function is the same when = is interchanged with v, so its graph is

symmetric about the plane y = . In addition, the function is 0 along the - and y-axes. These conditions are satisfied only by
CandIL

z=e" cosy @A by1v
Reasons: This function is periodic in y but not z, a condition satisfied only by A and IV. Also, note that traces in z = k are

cosine curves with amplitude that increases as « increases.
z = sin(z — y) @F (b)1

Reasons: This function is pericdic in both x and y but is constant along the lines y = z -+ k, a condition satisfied only
by Fand I.

. Z=sinz — siny @E (b) II

Reasons: This function is periodic in both = and y, but unlike the function in Exercise 63, it is not constant along lines such as
y = & + m, 5o the contour map is III. Also notice that traces in y = k are vertically shifted copies of the sine wave z = sin

so the graph must be E.

z=(1-2)1-9>) @B @®OVI
Reasons: This function is 0 along the lines = 1 and y = +1. The only contour map in which this could occur is VI. Also

note that the trace in the zz-plane is the parabola z = 1 — z? and the trace in the yz-plane is the parabola z = 1 — 32, so the

graph is B.

-y

Reasons: This function is not periodic, ruling out the graphs in A, C, E, and F. Also, the values of z approach 0 as we use

points farther from the origin. The only graph that shows this behavior is D, which corresponds to V.
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