
1. Let v, a, and b be the vectors (in the plane of the paper) drawn at right, all

of which have length 1. Let w be a vector of length 2 pointing directly out of

the paper. Which of the following vectors is v£w? (2 points)

°2b °b b 2b h0,0,0i °2a °a a 2a

v

a

b

2. A function u : R2 !R is harmonic if it satisfies Laplace’s equation:
@2u
@x2

+ @2u
@y2

= 0. Check the box next to the

unique graph below that corresponds to a harmonic function. (2 points)

3. Let f be a function from R2
to R. Suppose that

f (x, y) ! 3 as (x, y) approaches (0,1) along ev-

ery line of the form y = kx +1. What can you

say about the limit lim(x,y)!(0,1) f (x, y)? Check

the box next to the correct statement.

(2 points)

It exists and is equal to 3.

We cannot determine if the limit exists,

but if it does, the limit is 3.

It does not exist.

4. Suppose we know the following data about g :R3 !R.

(x, y, z) g (x, y, z) gx(x, y, z) g y (x, y, z) gz(x, y, z)

(3,3,1) 30 6 4 5

(0.5,0.1,0) 1 2 6 4

Circle the best estimate for g (3.5,3.1,1) : 30.6 31.0 32.6 33.4 34.1 (2 points)
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Use linear approximations at (3,3 , i ) :

①
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① Apply the right hand rule with your thumb along
v and your index along

'

w
, your

middle

finger should point along b .
The magnitude follows

from the fact that I bl = I and :

Iv x w I = Ivl lw/sin (E) = l - I - I = I = I bl

since we
]

points directly out
of the paper

② The first two can 't be solutions
to Laplace 's equation

because the concavity of X- or y
- cross sections

at the maxima is negative , meaning
that

3¥, so and 3¥ so so 3¥. t 3¥ to -

(A similar conclusion would be reached ifminima

were obtained ) . This leaves only the last
one
,

but also notice that this is essentially the graph
of fix if = I- y

'

,
which has 3¥, t 2ItyE 2-2=0 .

③ There are other ways to approach coil) besides

lines
.

These other paths of approach could potentially
yield different limiting values .

However
,
if the limit

exists,
then the limit should be the same regardless

of the path chosen . In particular, it must be 3 in
that case .
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5. Let S be the surface x2 + y2 = °z3
shown at right. Let f be a

function on R3
with continous partial derivatives such that

r f (0,0,0) = h1,1,3i r f (2,2,°2) = h1,1,3i
r f (°2,°2,°2) = h1,1,3i r f (2,°2,°2) = h0,0,0i

Circle every point below that can not be the point at which f
achieves its minimum value on S. (4 points)

°2

0

2 °2

0

2

°2

°1

0

x y

z

(0,0,0) (2,2,°2) (°2,°2,°2) (2,°2,°2)

6. Let S be the surface parametrized by r(u, v) = hv cosu, u, v i for °º/2 ∑ u ∑ º/2 and °1 ∑ v ∑ 1. Check the

box next to the picture of S below: (2 points)

x y

z

x y

z

x
y

z

7. Let F(x, y) =
D

e y2

, 3x +2x ye y2
E

, and let C be the oriented

curve at right. Estimate the value of
R

C F ·dr. (2 points)

°9 °6 °3 0 3 6 9

1 2
x

1

2

y

C

Scratch Space

O

rain( X -I' ÷÷. ÷÷call the
enclosed

0 region R

D
D

⑤ Set g=XIy4E ⑥ Note there's a line on the y-axis !mwjEEE.FI#..i.*o.&5ai:winan:msintsomethod or Dg-5
'

⑦ Use Green's :

Dg - (2x , 2g . 3.E)
Qx - Py =3 tzye

't
'

- 2yeY
-

=3

Dg 10,0101=(0/0,0)
✓ candidate I F. do

not a nonzero multiple = {{3 DA =3 Area RPg C- 2 , -2, - 2) = ( - 4 ,
-4
,
12) of Df C - z, -2 ,

- z ) µ =3 Cc )

Pg ( 2,2 , - 2) = C 4,4
,
12) V candidate since =3multiple of Df (2,2, -2 )

Rg ( 2, -2 , -4=41 , -4 ,
12) could happen since pf=8 here



8. A vector field F is shown at right; for scale, here F(0,0) =
h0, 0.1i. Assuming that F is conservative, circle the value

of

Z

C
F · dr, where C is the curve shown from (0,°1) to

(0,1).

°0.3 °0.2 °0.1 0 0.1 0.2 0.3

(2 points) x

y
(0,1)

(0,°1)

9. Consider the transformation T : R2 ! R2
given by

T (u, v) =
°
2u°v, 2u+v

¢
. Let P be the rectangle shown be-

low in the (x, y)–plane, drawn against a unit-square grid.

Check the box next to the region D in the (u, v)–plane be-

low that is mapped to P by T . (2 points)

x

y

P

D =
©
0 ∑ u ∑ 1 and 0 ∑ v ∑ 1

™
D =

©
0 ∑ u ∑ 2 and 0 ∑ v ∑ 1

™

D =
©
0 ∑ u ∑ 1 and 0 ∑ v ∑ 4

™
D =

©
0 ∑ u ∑ 4 and 0 ∑ v ∑ 1

™

D =
©
°1 ∑ u ∑ 0 and 0 ∑ v ∑ 1

™
D =

©
0 ∑ u ∑ 1 and 0 ∑ v ∑ 2

™

Scratch Space

O
F conservative ⇒ work is path independent
take straight line path on y

-axis :

XC t ) = O{ yet , = t
- 1st El .

If F =D, Q )
then Q is basically constant or

y -axis
with Q a o . I ( from picture) .

Thus !

{ F - di = fiQ co , th y ' cud e I f. i O .
I dt = Oo 2 .

-

X

⑨ T is linear transformation of the plane , so D must be a

parallelogram and the spanning vectors of D must be mapped
by T to the spanning vectors of P, which are (4,47 and C

- h " -

Note that TC 1,07 = (2,2) and T lo
,
it = C -hi) ( Tfm!Fnqad)

Since T is linear it sends multiples to multiples ,

& T ( 2 , o ) = 2 T C l , o ) = z ( 2 ,
2) = ( 4,4 ) .

Hence ,
D is

spanned by (2,03 and co , i ) .
That is the rectangle we marked .



-*

The projection
to xy plane

is

Circle (costpint
)

so rule
out 1st

option .

The Z component
changes sign
four times
in domain .

Hence ,
rule

out 3rd
option .



1.
To find the of bounds ,
look at Xt plane .in
just one quadrant (say
the 4th quadrant where
X 20 ) . There the elf .

z g
£ = -Wy - becomes

makes a-n'agua FIL, y|- E - axis starting at the top .

\ x

Z = -X
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continued a next page to







so





signage!



d
Divergence
Theorem



( explanation on next page )

⇒ vector field is not
conservative since
the curl is

Nonzero



Diner! Thin


