
1. [12 points] Find all critical points of the function f(x, y) = x4 � 18x2 � y2 + 6y.

Classify each critical point as a local minimum, local maximum, or saddle point.

2. [4 points] Give an example of a function that has only one saddle point, located at (1, 2, 3).

You do not need to fully justify your answer. Coming up with an example is enough.

This problem is worth 4 points. If you’re stuck, try the other problems and come back to it later!

f. (Yy) = 4×3-36×-0 → 4×(5-9)=0
→ ✗

--0,3, or -3

fy (×, g) = -2g +6=0 → y
=3

negative
d t

f-
✗✗ g)=/ 2×2-36

fyylx,g)= -2
1) 3)= (-36×-2)-02=72

1) (-3-3)=(72×-2) -02=-144
f×y(gy)=0

D(3.3)= (7271-2)-02=-144

local max @ (0,3)saddkp+s@(3,3)&
One possible answer:

flyg)= ×
'
-

y
? has a saddle pt at (0,99,

so shift it to get

f(x,y)=(x-Ñ-(y-2Jt① (Lots of other
answers

also work .)



3. [14 points] Let D be the disc of radius 3 centered at the origin.

Find the absolute minimum and maximum values of f(x, y) = x2 � 2y2 � x2y on D.

In
critical pts

:

F-G. y)
--2×-2×5-0 -02×(1-1)=0

' ' % ' ' >✗ I 4
I fy(x,y)= -4g -✗

2--0
x=o or y=l
↳Éi= -4

y=0 no solutions

Pointstochecki. So (0,0) is the only critical point.

f (0,07=0 Boundary !
✗2+5=90×2--9 - y

'

f- (9-3)=-18
f(x,y)=( 9-j) -2g

'
- (9- y)y=y3 -3yd- 9y+9f- (0,3)= -18

where -34<-3ffrs, -17=14
fly)=3y

'

-6g -9=0
f- (-5%-1)=14

y
'

-2g -3=0

(y -3)(y+D=oAbs
.

min -18

y=3 or y= -1Absma d d
✗=D ✗2=8

d

✗=±T8



4. [8 points] Suppose the plane tangent to the surface z = f(x, y) at (3, 2, 3) passes through

the points (2, 4, 1) and (1, 2,�3).

Find fx(3, 2) and fy(3, 2).

5. [8 points] Compute the integral

Z 2

0

Z 3

0

y(sin(xy) + 3) dy dx.

One way
: z=f×(}D(×-3) +fy(3. 2) (y-2)+3

find a plane through these pints. ((gyp :|=-f×(3,23+2-513,21+3(3,2-3)+012,4,D :(-1,2,-2)
(3,2,3) to (1,2-3) :(-2,9-6) ( 1,2

,

-3) : -3=-2-1×13,21+3
cross product:{ 12,-2, 4) I

f×(3.2)=p )-12×-2yt4z= -28 fyl32E- 3×+5 y -7
t in
g. ,
,,,,,g,,

Fubini's thm : → [ [ y(sinlxy)+3)dxdy
u=×y du=yd× u=2y

32g

=) / (sink)+3)dudy=§(-costs)+3u)]dy
0 0

u=0

3

=ffcosGy)+6y+Ddy=(¥sin(2y)t3y2+y)]
}

0

=¥sin(6)



6. [7 points per part] Rewrite the following integrals as instructed.

Do not try to evaluate these integrals! Just rewrite them.

(a)

Z 3

1

Z 3x�1

2x

p
5x+ 7 cos(xy) dy dx. Reverse the order of integration.

(That’s 2 raised to the xth
power.)

(b)

Z 3

0

Z p
6x�x2

x

sin(
p

x2 + y2) dy dx. Convert this to a polar integral.

8-
•(3,8)

7y=3×
- l

y=2×→x=logay 8 1092gftp.g-F-cos/xy)dxdyJ2- •

( 1,2)

i ; >✗

y=fÉ circle of radius 3 centered @ (zo)i.
y
'
--6×-5 +y'=6x

y=× r2=6rcosQ

r=6cos⑦

FTÉ s.nl#ya-osinlr)
; ; >✗

g¥
6cos0-

¥§sin(r)r


