Chapter 14: Review Questions

(1) PARTTIAL DERIVATIVES AND IMPLICIT DIFFERENTIATION
a) If J(z,y) = o/(z + y) compute fo(2,~1} and fey(2,~1) |
by I fl,y, 2) =@y + 22y compute f,.(1,3,1) and Fu=(1,8,1) .
c) If fe,y) = 22 F 3y compute f.(1,1) and f,(1,1}.
d) Compute f,(1,0)if f{x,y) = e sin{zry).
5) Compute 2,(1,1) if {2, y) is defined implicitly by 2?23 — zy -+ 2 ~ 1 = 0. Assume 2(z,y) # 0.
e) Ha?+ 2%~ 2y = 0, compute 2, and z,. in terms of 2,y and z.
(2) LIMITS AND DOMAINS
a} What are the domains of the following functions:
Dfyl=vI-a-y i) flay) =logB -2 -9 i) fla,y) = (@— 1- %) !

b} Compute the following limits:

o oy — yr? = gf . 2% — i+ xy - . sinfay
iy lim rt Ig{, 4 LI lim - ,:’ L #i)  lim (zy)
{(zy)—(0,0) & -+x°—y—2ay (@,y)--(0,0) 2y — 3o + y* — 3y {zy)—(0,0) Y
¢} Show the following limits do not exist:
Ty .. . r—3+y . %y
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(3) CHAIN RULE
a) Let [ =27+ y° + 3z where 2 = 2t + = and y = f — 3z. Use the chain rule to evaluate f: and f, when
(z,t)=(1,1}.

b) Let w =a® —xy, 2 = u+v, y=u—v. Use the chain rule to evaluste w, when (z.y) = {1,9).

¢} You do not know f(x.y) but do know f = 2" —yand fy=a+y Falt) =2+ { and y(t) = 1 — 3t
what is the rate of change of f in ¢t when { = 17

(4) GRADIENT AND DIRECTIONAL DERIVATIVES
a) Compute Vf(1,2)if fo,y) =2 — /7 — =

b) What is the directional derivative of f{x,y) = % — yat (1,1) in the direction (1,3). In what direction
is [ decreasing most rapidly at (1,1)7?

¢} What is the directional derivative of f(z, y) = zy — ? at (1,1) in a direction toward (4,57

d) The temperature in a room is given by f(r,y) = 1002/ (x? +y*) °I" where z, y (feet) are coordinates on
the floor. You move along 2 = 1 at 2f1/sec in a positive y direction carrying a thermomeier. At the
moment you pass thru (r,9) = (1, 1) at what rate is the tempurature on your thermometer changing?

e) Let f(r.y) = F(r) where r = /22 + 2. Show

Vi=F{rw , F=zit+y; |,
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(5) GEOMETRY
a} Find two unit vectors perpendicular to the graph of f{z,y) = 2% + 4% at (z,y) = (1,1).
b} Find two nonparallel vectors tangent to the graph of f(x,y) = ay+3° at (x,y) = (1,1).
¢) I'ind the equation of a plane tangent to the graph of f(z,y) = x + y+ zy® at (x,2) = (1,1).
d) Find the equation of a line, normal to the graph of f(z,y) = x + 3y at (x,y) = (1,1).

e) A line L is normal to the graph of f(x,y) = 1/(x + 2y-+ 1} at (z,y) = (1,1). At what point does this
line intersect the zy-plane?

f) Find a vector perpendicular to the curve x%y = 1 when {x,y) = (1,1).
g} Find a vector perpendicular to the surface defined by 2® — 2* + 2y = 0 when (z,3) = (1,0).
h} Find a unit vector perpendicular to the f = 2 level curve of f(z,y) = 22 +¢° at (2, y) = (1,1).

i) A curve ' is formed hy the intersection of the cylinder % + 4% = 1 and the graph = = f(z,3). If
Vflz, y) = (x+y,2~ y), find a vector tangent to the curve when (z,y) = (1,0) (Hint: 2(¢) = cost).

(6} CRITICAL POINTS AND SECOND DERIVATIVE TEST

a) Find all the critical points of f and classify them

() fla,y) = 2%+ 2% — do + 4y (2,-1) relative minima
() fle,yy=zy—a+y {-1,1) saddle
(i) j(? y) () - r)(l v (1,0) relative maxima
(v)  fleyy)y =o'+ 3t~ day (0, ) saddle
(11 -1) relative minima
vi  fle,yy=a/y+38/r—y (-4,2 ) relatlvo maxima
(vi)  flr, Y=t + oy — 3ay {0,0) saddle, (1,1) relative minima
(vl flo,y) =2 = 3oy + 50— 2y + 6°  (-18/5- ]/lo) relative minima

by WV = (fe, f,} = (2® — y,y — x), find and classify all critical points of Sl ).
(7) MAXIMA AND MINIMA ON A REGION

a) Find the maximum and minimum values of f{z,y) = 2ry — = — y on the square region whose vertices
are {0,0), (1,0}, (1,1) and {0,1).

b) Find the minimum value of f(z,y) = 2% — 2 +y — 2y on the triangular region whose vertices are (0,0,
(2,0) and (2/4).

(8) LAGRANGE MULTIPLIERS
a) Find the maxima and minima of f(r,y)=a+2yon 2>+ 3*> =5
b) Find the maxima and minima of f{z,y) = 2 + 2y on ® + y* < 5 (Look at previous problem).
¢} Find the maximum and minimum temperature of T(z,y) = (2 + y)e~* ~¥ on 22 + yr <2
d) Compute the mimimum distance from 2y = 4 to the origin.

@

Compute the minimam distance from z + 2y — 3z = 1 to (0,0,0).

f) The only critical point of f(x,y) = @ + 2y + 3 is (0,0). Find the maximum of f on the region
:,.2 + y',? S 1.

g) Find all the extrema of f(x,y) = 2% + 3° subject to the constraint that glz,y) =2 + y* = 16,

h) What are the extrema flz,y) = 2* + 3 subject to the constraint glx,y) = y—2 =07 Is this point
(are these poinis) a max or min of f for the (2, y) satisfying the constraint?

i} Design a cylindrical can without a top which holds 1 liter of Auid which is made of minimal material
(surface area).
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(6) CRITICAL TomTs And 2ND DERIVATIVE TEST
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