Chapter 14: Review Questions

(1) PARTIAL DERIVATIVES AND IMPLICIT DIFFERENTIATION
a) If f(z,y) =%/(a:+y) compute f,(2,—1) and ]@(;‘25‘——1) .
b) If f(z,y, 2) = 23y + 2%y compute f;,(1,3,1) and f,.(1,3,1) .
c) If f(z,y) = /2o + 3y compute f5(1,1) and fy(1,1).
d) Compute f,(1,0) if f(z,y) = e* Lsin(zy).
e) Compute z,(1,1) if z(z,y) is defined implicitly by 2223 — 2y + 2 — 1 = 0. Assume z(z,y) # 0.
f) If 2% + 2% — 2z — y? = 0, compute 2z, and z, in terms of z,y and z.
(2) LIMITS AND DOMAINS
a) What are the domains of the following functions:
Dfey)=vI—z=y i) flzy) =logB-2*-y*) i) f(z,y) = (@—-/1-¢)
b) Compute the following limits: Pick *\AY fﬂ'ﬂ‘\ such as a =k evc,

22 4 zy —yz? -y 2?2 —zdzy—y .. sin(zy)

i)  lim 5 11) lim
(@y)—(00) T+z2—y—zY

lim 1
(z.y)—(0,0) TY — 3z + 2 — 3y (@.9)—(0,0) TY

¢) Show the following limits do not exist:

Ty . . z—=34+y .. zy

. I I :
2 (m,y){»m(o,m 222 + 3y i) (w)il](l,z) z+1-—y i) (r,y)lin(o,O) zt 4+ 92

(3) CHAIN RULE

a) Let f = 2% + y% + 3z where x = 2t + 2z and y = £ — 3z. Use the chain rule to evaluate f, and f; when

(z,t) = (1,1).
b) Let w = 2? — 2y, = u + v, y = v — v. Use the chain rule to evaluate w, when (z,y) = (1,0).

¢) You do not know f(z,y) but do know f, =22~y and fy =z +y. If z(t) =t> +¢ and y(t) = 1 — 3¢,
what is the rate of change of f in ¢t when t = 17

(4) GRADIENT AND DIRECTIONAL DERIVATIVES
a) Compute Vf(1,2) if f(z,y) = 2% - Vy — .

b) What is the directional derivative of f(z,y) = 2%y —y at P(1,1) in the direction u =< 1,3 >. In what
direction is f decreasing most rapidly at (1,1)7

¢) What is the directional derivative of f(z,y) = zy — y? at P(1,1) in a direction toward Q(4,5)?

d) The temperature in a room is given by f(z,y) = 100z/(z?+y?) °F where z,y (feet) are coordinates on
the floor. You move along = = 1 at 2ft/sec in a positive y direction carrying a thermometer. At the
moment you pass thru (z,y) = (1,1) at what rate is the tempurature on your thermometer changing?
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(5) GEOMETRY
a) Find two unit vectors perpendicular to the graph of f(z,y) = 22 + % at (z,y) = (1,1).
b) Find two nonparallel vectors tangent to the graph of f(z,y) = zy +v? at (z,y) = (1,1).

)
)
¢) Find the equation of a plane tangent to the graph of f(z,y) =z +y + zy® at (z,v) = (1,1).
d) Find the equation of a line, normal to the graph of f(z,y) = +/z + 3y at (z,y) = (1, 1).

)

e) A line L is normal to the graph of f(z,y) =1/(z + 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 2%y = 1 when (z,y) = (1,1).

g) Find a vector perpendicular to the surface defined by 22 — 23 + zy = 0 when (z,y) = (1,0).

h) Find a unit vector perpendicular to the f = 2 level curve of f(z,y) =z + 43 at (z,y) = (1,1).
)

i) A curve C is formed by the intersection of the cylinder 2% + y? = 1 and the graph z = f(z,y). If
Vf(z,y) =< z+y,z—y >, find a vector tangent to the curve when (z,y) = (1,0) (Hint: z(t) = cost).

(6) CRITICAL POINTS AND SECOND DERIVATIVE TEST
a) Find all the critical points of f and classify them

(1) flz,y) =2 +2° — 4o + 4y (2,-1) local minima
i)  fly)=zy—2z+y (-1,1) saddle
(i)  flz,y) = (2 —z)e* ¥ (1,0) local maxima
(iv)  flz,y) =z +y* —dzy 0) saddle

(o,
(1,1),{-1,-1) local minima
(v) fly)=z/y+8/x—y (-4,2) local maxima

i) flz,y) =2 +y* - 3y (0,0) saddle, (1,1} local minima
(vii)  f(z,y) = 2 — 3zy + 5z — 2y + 6y*  (-18/5,-11/15) local minima

b) U Vf =< fp, fy >=< 2%~ y,y — 7 >, find and classify all critical points of f(z,y).
(7) MAXIMA AND MINIMA ON A REGION
a an}/the maxigrim and mmm’/m values of f (;e’ y) =2zy — &

(1 Qf 1,1) and ,QO' 1). /
b’é‘;d the Mminimum /K\e of f(z, y) - — 1z +y —xy of the triangu

) anf 2 (2,4).
(8) LAGRANGE MUL’I‘IPLIERS

region whogé vertices are £0,0),

a) Find all the extrema of f(z,y) = x + y subject to the constraint that g(z,y) = 2% + y3 = 16.
b) Find all the extrema of f(z,y) = z2 + y? subject to the constraint that g(x,y) = 2* +y* = 16.
¢) Find the maxima and minima of f(z,y) = = + 2y on 2% + y? < 5 (Note: no critical points)

d) The only critical point of f(z,y) = z? + zy + y? is (0,0). Find the maximum of f on the region
2 +y? <1

e) Compute the minimum distance from zy = 4 to the origin.
f) Compute the minimum distance from z + 2y — 3z == 1 to (0,0,0).
g) Find the minimum value of f(z,y, 2) = z +y — z on the sphere 2% + 3% + 22 = 1.

h) A box has a square base, 4 sides but no top. The material costs for the base are twice that of the sides.
What relative dimensions minimize the material cost?

i) Design a cylindrical can without a top which holds 1 liter of fluld which is made of minimal material
(surface area).
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