Name: Class; Date:

3. If the amounts of labor and capital are both doubled, we replace L, K in the funetion with 20, 20¢, giving
P(2L,2K) = LOL(2L)" T (2K)™*" = 1.01(2" ") (2%*) LT K22 — (29101 LT K™ = 2P(L, K)

Thus, the production is doubled. It is also true for the general case P(L, K) = bLoK'~ ™,

P(2L, 2K} = b(2L)*(2K )1~ = b(2°)(2 =) Lo K1—= = (e H1-a)p e K1-= = 2P(L, K).

6. 4/ 1+ 2 —5? is defined only when 1+ &= — W0 =
x = »* — 1, so the domain of [ is {{:r.y} | & = y* — 1},
all those points on or to the right of the parabola z = 32 — L.

The range of [ is [0, o).

iy
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14.

1

16. The level curves are #* —y = kory = = — k, a

family of cubic curves.
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18. The level curves are €*/* = k or equivalently
¥ =xlnk iz #0),a family of lines with slope In &

(k= 0) without the origin.
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2. (a) The outdoor temperature as a function of longitude, latitude, and time 15 continuous. Small changes in longitude, latitude,
ar time can produce only small changes in temperature, as the temperature doesn’t jump abruptly from one value to
another.

(b} Elevation is not necessarily continuous. If we think of a ¢lift with a sudden drop-oft, a very small change in longitude or
latitude can produce a comparatively large change in elevation, without all the intermediate values being attained.
Elevation ean jump from one value to another.

() The cost of 2 taxi ride is usually discontinuous. The cost normally increases in jumps, so small changes in distance traveled

or time can produce a jump in cost. A graph of the function would show breaks in the surface.

4. We make a table of values of f(x,y) = 122_'_;;”3 for a set of (i, ) points near the origin.
x —£3 | —-02 | -01 1} 01 a2 1|

—03 | 04667 0706 93545| 0000 |—D545 | —0.706 | —0.647

=02 | 0345 | 667 | {0.667 | 0000 |—0.667 | —0657 |—0545

—01 | 0316 Q444 | 9,667 | 0000 | —0.667 | 0444 | 0316

a 0400 | 0.0 {1.000 000G | 0000 | d9.000

0.1 | 0316 | Dddd | —D66T| 0000 | 0667 | 0444 | 0316

02 | —-0545 | 0657 | —0.567 | 0.000 | 0657 | 0667 | 0545

03 | -0.667 | —0L306 | —1545 | 0000 0545 | OMs | 66T

It appears from the table that the values of f(x, i) are not approaching a single value as (x. y) approaches the origin. For

verification, if we first approach (0, 0) along the z-axis, we have f{x,0) = 0, s0 f(z,y) — 0. But if we approach (0, () along

22 2 5
the liney = x, f(x, x) = ﬁ = T} (x # 0), 50 flo,y) — £. Since | approaches different values along different paths

to the origin, this limit does not exist.

6. = — 2y is a polynomial and therefore continuous. Sinee cos{ is a continuous function, the composition cos(x — 2y) is also
continuous. xy is also a polynomial, and hence continuous, so the product (i, y) = zy cos{x — 2y) is a continuous function,

Then lim  f(z,y) = f(6.3) = (6)(3) cos(6 — 2-3) = 18,

(=) —{8,3)
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8. f(x.y) = (x* 4 sin® y)/(22* + y*). First approach (0. 0) along the z-axis. Then f{x.0) = =% /22 = % for x # 0, s0

. 2 . 2 .
flzy) — %. Mext approach (0, 0) along the y-axis. Fory # 0, f(0.y) = :-=1|12 ¥ _ (Hmy) and limu Y _ 1,50
u u ¥ )

flz.y) — L. Since f has two different limits along two different lines, the limit does not exist,

20. From the graph, it appears that as we approach the origin along the
lings @& = 0 ory = 0, the function 1s everywhere 0, whereas if we
approach the origin along a certain curve it has a constant value of
: 1 . 3 B By _ 1 .

about 3. [In fact, f(y”, y) ="/ (24") = 5 fory # 0,50

f(z.y) — 5 as (x, %) — (0.0) along the curve = = ] Since
the function approaches different values depending on the path of

approach, the limit does not exist,

6. (a) The graph of [ decreases if we start at (—1, 2) and move in the positive x-direction, so f.(—1, 2) is negative.
(b} The graph of f decreases if we start at {—1. 2) and move in the positive y-direction, so f,(—1, 2) is negative.
() fox = %{L-], 50 fre 15 the rate of change of [ in the r-direction. f. is negative at (—1. 2} and if we move in the
positive r-direction, the surface becomes less steep. Thus the values of f- are increasing and fo.(—1.2) is positive.
(d) f,y 1s the rate of change of f, in the y-direction. [, is negative at (—1.2) and if we move in the positive y-direction, the

surface becomes steeper. Thus the values of f,, are decreasing, and [, (—1. 2) is negative.

B. f.(2 1) is the rate of change of [ at (2. 1) in the z-direction. If we start at {2, 1), where f{2, 1) = 10, and move in the
positive r-direction, we reach the next contour line (where f(z, y) = 12) after approximately 0.6 units, This represents an

2

7 If we approach the point (2, 1) from the left (moving in the positive z-direction) the

average rate of change of about

output values increase from # to L0 with an increase in @ of approximately 0.9 units, corresponding to an average rate of

change of 2. A pood estimate for f.(2, 1} would be the average of these two, so fo(2. 1) = 2.8, Similarly, f,,(2, 1) is the
ol 0. B & ¥ !

rate of change of [ at (2, 1) in the y=direction. If we approach (2, 1} from below, the output values decrease from 12 to 10 with
a change in y of approximately 1 unit, corresponding to an average rate of change of —2. 1f we start at {2, 1) and move in the

positive y-direction, the output values decrease from 10 to § after approximately 0.9 units, a rate of change of D_T:‘:. Averaging

these two results, we estimate f,(2, 1) = —2.1.
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W f(ey) ="+ 3% + 3zy" = felzy)=52"4+3-32" 4* +3. 1. 9" =5z 4+ 92%* + 3",
folzw) =04 32 - 2y + 3 - 4 = Gy + 120y,

at?
fuls.1) = L";[H"; + LE} — 3&3[23] B [ Fils.b) = E,ﬂ{a"; + Hj — 352{2” B 943¢
o (s? + £2)* (s +12)2" (s2 + 2)° (52 + 12)2

2. f(z,y,z) =z = [z, z2)=20e¥, [ (z,y. 2) =¥ (z) = #ze¥, fo(z,y,2) = 22e¥*(y) = Tiye¥=

38 f(u.v.w)=wtan(uw) = folu,v,w)=wsec’(uv) - u = vwwsec® (ur), so fu(2.0.3) = (2)(3) sec*(2-0) = 6.

e by az 1 dz 1 iz 1
42. _J. b _— - J. R - l — _— =

yr=lnlr+z) = fju_{#z}l Hﬂ_[ﬂ{-f'*‘z}} = ¥ar u'+3( +E,+_::) o (ﬂ u-+z) ir x4z’

iz J.,.-"{E+z] 1
G} — = .

ir - 1f{z+2z) wylz+z)-1
i iz 1 iz 1 d=z

= oy 1= 0+=) = - =

By W) = D= gt z+z( +f*u) (y J:+z)ff'# b

Az —z z{(x + z)

Suf_i:u_y—ljl[z+z]l 1L —y{z+z)

6@ z= f(@ol) > == [(2)aly). "’— — f(z)g' ()

it el ] df {h d
(b) z = f(ry). Letu = xy. Tthj—u—y ndﬂ—z HLm:r:%—E{E—d—i-y—ﬂf’{u]—yﬁ{zm

Fj'z_ﬂrj'*u_df_z

d = xf'{u) = zf'(xy).
A iy dur iy il of'(u) = =f'(xy)
M 1 h : i} df @ 1 ‘(:
{c}z—f . Letu = —. Then u——andg——i,_H:nccT—z——fi—u—f’{u}——M
1y Y fdr gy thy y? dr  du dz W i
and d—a _ Y Fiu) ) = ——TJFF[.E’J[H}.
dy  du iy y* v
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o 3 5
8. fz.y) =3z +5y) = [foz.v)= T 1 5y fulz,u) = Er Then
9 15 L5

feelz.y) = 3(—1)(3x + 5y) ~2(3) = —

25
and fyy(z.y) = NETEEE

{3T+ 53;}2:.{59[311}] = _{:_1:]__'_51;]-31 JIPJ:I'I{‘T:H} = _{H.I +5y]|_31

50. z = ytan2r = =z, = ysec®(2z) - 2 = Qysec?(2r), z, = tan2r. Then
Z,e = 2y(2) sec(2x) - sec(2x) tan(2x) - 2 = By sec” (2x) tan(2x), Zpy =2 sec’ (2r), Zyr = sec” (2x) - 2 = 2sec?(21),

and zyy = 0.
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