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All six gruphs have different traces in the planes 2 = 0 and y = 0, so we investigate these for each function,
(8} f(z,y) = |z| 4 Jy|. The wace in = = Gis 2 = |y, andiny = 0 is z = |z, so it must be graph VI,

(D) f(w,y) = |zy]- Thetrace inz = Disz = 0, and ih 4 = 0is 2 = 0, 5o it must be graph V,

(e} flx,y) = Tl—-ﬂ—g Thetraceinz =0isz = ﬁ, andiny =0is z = 7 _'_l In addition, we can

T+
see thal f is close to 0 for large values of z and ¥, 5o this is graph 1.

() flz,y) = (=" —2*)®. The trace in 2 = NDis 2 = 3, and In = Ois 2 = 7%, Both graph I! and graph [V seem
pluusible; notice the race inz = 0is 0 = (2 — ") = o = 4, 50 it must be graph 1V.

&) flz, )= (&~ ). Thowaceinr =iz z = v and iny = 0 is z = 2%, Both graph I and graph TV scem
plausible; natice the rage In 2 = 01§ 0= {z — )% =+ y =z, a0 it must be araph IT.

(N fle,y) = sin(|z| + |w))- The trace in &2 = O is 2 = sin tyl: und in g = 05 2 = sin |=]. In addition, notice that

the oscillating nature af the graph is characteristic of wrigonometric functions, So this is graph IIL,

The point (—3, 3) Ties between the level curves with z-values 50 and 60, Since the point is a little closer to the leyel
curve with = = 00, we gsiimate that f(—3, 3) a2 56, The point {3, —2) appears 1o be just about hallway between

the level curves with z-values 30 and 40, so we estimate F{3,—2) a2 35, The graph riscs as we approach the origin,

" gradually from above, stecply from below,

32

33

3.

IF we start at the origin and move along the T-axis, for example, the z-values of a cone centered at the origin
inereuse at a cansiunt rate, so we would expect its level cirves o be equally spaced. A paraboloid with verlex the
origin, on the other hand, has z-values which change slowly near the origin and more quickly us we mave farther
away. Thus, we would expect its level curves near the arigin o be spaced more ‘widc]y apart thun those farther from

the origin. Therefore contour map I must correspond (o the paraboloid, #nd contour map Il the cone,

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

much farther upart, so we would expect the terrain to be much less sfeep than near A, perhaps almaost flat.
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39, The level cupvesarey —lnw = kory = Inx + k.

The level curves ate Ty = k. For k = 0 the
curves are the coordinale axis; if k& = 0, they are
hyperbolas in the first and thicd quadrants, if

k « 0, they are hyperbolus in the second and
fourth quadrants.

et

k=0

¥

36,

38. The level curves are k = 2 — y°, Whenk =0,

these ure the lines iy = +z. When k > 0, the
curvea are hyperbolas with axis the z-axis and
when k& <2 0, they are hyperbolag with axis the

Y-axis,
¥ k=0
\ k=0
k=0 k=0
kY
kqo:::h*¥%
L=0

40. The level curves arc €%/ = k or equivalently

y = xInk (x 7 0), a family of lines with slope
lnk (k = 0) without the origin.

¥

0l
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Nh=rtyorforrtyz0k=rity, R k=ysecoory=keosz, o # 3§ +nx
ory = Ak (n un integer),

Nore: k& > Osince k = /7 + ¢.

y )

AN

B k=w—ptorr—b=y%a family M, Tar k 7 Oand (w, y) # (0,0), k = o _?;"_ " =

of parabolay with vertex (&, 0). ) s 1
at -yt = % =0 @ @ +(y-—g) = Tz & family

Ay F
of circles with center (0, 5 ) and radius 2 (without the

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

45. The contour map consists of the level curves k = 12 +0y%a furmily
of ellipses with major axis the w-axis, (O, if k = 0, the origin.
The graph of f (e, y) is the surface 2 = 2* - 9%, an elliptic
paraboloid.

If we visualize lifting each ellipsc & = 2% + 8y° of the contour map

to the plane & = k, we have horizontal traces that indicate the shape
ot the graph of §.
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Da? - 4% 4+ 2% = 46. If we visualize lifting each ellipse k =

The contour map consists of the level curves k = /36 — 9u2 — 4g°

= g% 4+ 4y = 36 — &7, k = 0, u family of cllipses with major

uxif the yeaxis, (Or, it k = 6, the origin.)

5 = J, we have horizontal traces that indicaie the shupe of the graph of f.

47. The isothermals are given by k = 100/ (1 + =* - 2¢4°) or

2% 4+ 2% = (100 — k)/k (0 < k < 100), a family of ellipses,

a8, "U'hc cquipotential curves ure & =

2?4yt =1 - (;—)_ a famnily of circles (k = ¢/r).

Nore: As k== oo, the tadivs of the circle approaches ».

49. § (z,y) =" +y°

Note that the function is 0 slong the line y = —,

¥
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80, f(z,v) = sin(ye™™)

R
R
SR

Cross-sections patallel to the yz-plans (such as the lef-front trace i the Arst graph ubove) are gipe-like curves, The
periods of these curves decrease as o decreses.

5. [l y) =2y — 77

The traces parallel to the yz-plane (such as the left-front race in the graph above) arz parabolas; those parallel o the
Zz-plane (such as the right-front trace) are cubic curves. The surface is culled a monkey saddle because o mankey
sitting on the surface near the origin has Places For both legs and tail to rest,

52 f(z,y) = zy® -y

(=

The traces parallel i either the yz-plane or the Tz=plane are cubic cuprves,

53. (a) B Reasons: This function is constant on uny circle centered at the origin, a description which matches
(b) TIT only B and 1Y,

5. (1) C Reasens: This function is the same if x is interchanged with g, so ity graph is symmetric about the
(b) 11 plane x = y. Also, =(0,0) = 0 and the values of = approach Q a3 we use points farther
from the origin. These conditions are satisfied only by C and L.
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65 (1) F Reasons: # increases without bound s we nse points cloger (o the arigin, a conditon satisfied only

ORY by F and V.,

B6. (a) A  Reasons: Along the lines y = :I:;‘)gu: and z = 0, this funetion is (.
(®) VI -

6. (8) D Reasons: This [unction is periadic in both x and y, with period 27 in each variable.
(b) IV

68, (a) B Reasons: This function is periodic along the z-axis, and increases as |y| increases.
(b) I

689, k = z + 3y + 5z is a family of paralle] planes with normal vector {1, 3, 5}.

60. & = 22 + 37 +~ 52? is a Family of ellipsoids for & == 0 and the origin for k = 0.

61. k=77 —3” -+ =% are the equations of the level surfaces, For k& = 0, the surface is a right circolar cone with verex
the origin und axis the y-axis. For k > 0, we have a family of hyperboloids of one sheet with axis the y-axis. For
k = 0, we have a family of hyperboloids of two sheets with axis the y-axis,
62. & = z° — ¢* in o family of hyperbolic cylinders. The cross section of this family in the zy-plane has the same graph
as the Tevel coryes in Exercise 38,
63. (n) The graph of g is the graph of f shified npward 2 units.
(b) The graph of g is the graph of f stretched vertically by a factor of 2.
(c) The graph of g is the graph of f reflected abowt the wy-plane,
(d) The graph of g(z,y) = —F(z, %) + 2 is the graph of f reflected about the zy-plane and then shifted upward
2 nnits,
68. (2) The praph of g is the graph of f shifted 2 units in the positive m-direction.
(b} The graph of g is the graph of f shifted 2 umits in the negative y-direction. S
(c} The graph of g is the graph of f shifted 3 units in the negative »-dicection and 4 units in the positive

y-direction.

65. flm,p) = 3w — ! — 4 = 102y
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Three-dimensional view Fronl view

It does appear that the function has a maximum value, at the higher of the two “hilliops.” From the front view graph,

the maximum valee appears 1o be approximately 15, Both hilltops conld be considered local maximom points, as



