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1. (2 points per part) Each of the following multiple choice problems has one correct answer.

Circle it. You do not need to show any reasoning.

(a) Suppose |a⇥ b| > �a · b > 0. Then the angle between a and b is between...

(i) 0
�
and 45

�
. (ii) 45

�
and 90

�
. (iii) 90

�
and 135

�
. (iv) 135

�
and 180

�
.

(b) Suppose projab = h1,�1, 1i. Then b could be...

(i) h2,�2, 2i. (ii) h�1, 1,�1i. (iii) h2, 2, 2i. (iv) h2, 3, 4i.

(c) The intersection of the hyperboloid x2
+ y2 � z2 = 1 and the xy-plane is...

(i) a line. (ii) a circle. (iii) a hyperbola. (iv) the empty set.

(d) The surface z = f(x, y) = x3
+ y3 � 3x� 3y has a local maximum of...

(i) f(1, 1). (ii) f(1,�1). (iii) f(�1, 1). (iv) f(�1,�1).

(e) A lamina occupies the disc x2
+ y2  1, and the density at (x, y) is ⇢(x, y) = x3

+ y2 +2.

The center of mass of the lamina is...

(i) at the origin. (ii) on the x-axis. (iii) on the y-axis. (iv) none of these.

☐
If - oi.to >0

,

then E. b- <0
,

so 0 isobtHH/sino > - latlbtcoso
,
so tanto)< -1

.

☐

projg , , ,>y,⇒=*§'41,-1,1> =L !
- 1.D. so × -yt> =3

)

☐

✗
'
+y
'
- ok , I

fxCx.yj-3x2-3fxxGyk6Ihgshov1dbotLbenegativet@fyCx.y)= 3yd-3 fyyltsy )=6y
fxylx,y)=0

r
p↳y)=p↳ -y)

symmetric But posy) >pay)
about both axes
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2. (4 points per part) For each part, consider the space curve of the vector function

r(t) = ht2 + 1, cos(t) + 4t, 3ti.

(a) Find parametric equations for the line tangent to the space curve at t = 0.

(b) Find the unit tangent vector to the space curve at t = 0.

(c) Find the curvature of the space curve at t = 0.

IG)=4
,
1
,
D

F '(o) = (2g - si- (t) +4,3)
FED =L 0,4

,3)

y
= I + 4T:

in= =

F
"(t) ={ 2

,

- cosA)
,
D

F "(o) = 42, - 1,D
ñ '(o)✗F

"

(o)= 40,4, 3)K2,-ID=43, 6, -8)

*Y÷÷÷='
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3. (6 points per part) For parts (a) and (b), let S be the implicitly defined surface

x cos(z) + y2z � x2ey + 20 = z.

(a) Find
@z

@x
for points on S.

(b) Find all intersections of S with the x-axis.

1¥
cos(z) - ✗ sinG)3¥ t y

'3¥ - 2✗e Y = 3¥

cos(z) - 2✗e
%
= ( / t ✗sinG) -y)¥=÷¥Ñ÷
¥z=o)
✗ - ✗

"
t 20=0

I - ✗ - 20=0

(x - 5)(✗+ 4) = 0

✗ =5 or
- 4

(5,0,D&f4,T
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4. (14 points) Let D be the triangular region with vertices (0, 0), (0, 6), and (3, 0).

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

4h Critical points :

G.6) • f×(×,y)=2×ty -2--0-01=2

fy(yy)= 11=040,2) is a crit.pt .
•

(3-0)
>✗

Boundarypointstoch.ec#
Left : ✗=o (osys 6)

crit. { f (0,21=0
pt. f(Qy)=0

Bottom:y=0 (05*3)
f (3,07=3 f(go)=x

'
- 2x÷::¥¥÷÷:÷.÷:::÷:*.crit

. #s{ f ( H) ←min f-
'

(x) --2×-2=0 → check (1,0)

f- 6-2×1=5-1×(6-211) -2x
= - ✗
'
+4×

f'A) = -2×+4=0
✗ = 2,2=6-2121--2

↳ check (2-2)
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5. (6 points per part) The two parts of this problem are unrelated.

(a) Evaluate the iterated integral

Z 2

0

Z 1

y
2

y cos(x3 � 1)dx dy.

(b) Find the volume of the solid under the plane 3x + 2y � z = 0 and above the region

enclosed by the parabolas y = x2
and x = y2.

y=2×
Reverse order : i 2x

yn
✗⇒

×=Yg<→y=2× f f y cost}- 1) dydx = (f. y' cos/✗3- dx

0 02 -

g-
0

I -

,
0

I > ✗

=) 2×2 cos/✗
3-1)dx =/3- cos/a) du

- I
0
u= ✗
3- 1

du=3✗
'dx

0

= }- sink)]= -3- sinC-D=}-s
- I

↳=3✗ +2g→ ¥ ✓

5¥
,

>×=y3→y=r× (3×+22) dydxU×
y=r✗

=§(3×y+y'D dx

y=×2

=/
"

(3×4×-3×3 - ✗4)d×=(§×%t£×
' -3-4×4 - f- ✗

0

-

- E- + 's - ¥ -¥
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6. (12 points) Set up and evaluate a double integral in polar coordinates to calculate the area of

the region between the two polar curves r = 6 + 2 sin(3✓) and r = 3 + 2 sin(3✓).
21T Gt2sin( 30)Yr

⑧ >
✗

Area 'S ftrdrdo
0 3t2sin0)

21T

=/
" 6+2sing

door=3t2sin(30)

21T

④thin - (3t2sin(3dQ
= 6+24%130)tYsii(30) - 9- 12s:(30) - Ysi:(3 do

= 's (27+12%130))dQ=£(270--4<0430)①
"

0

= :-(5411--4+4)=2☒
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7. (7 points per part) Let f(x) = e2x + ln(1� x)� x2
.

(a) Find the second Taylor polynomial, T2(x), for f(x) based at b = 0.

(b) Find (and justify) an error bound for |f(x)� T2(x)| on the interval [�0.5, 0.5].

f- (x)=e"+h( 1-x) - ×
'

f(D= I

f '(×)=2e" - ¥ - 2x f-
'

G) =L

f"(x)=4e
"
- ¥i -2 f-

"A) =L

I(x)=l+xt

f
'

"(×)=8e
"
- (÷)5 So If"(×)/s8e +16 on [-0.5%5]

¥ ¥ M=8etl6 works

(other answers are possible ,
but f-

" '(5) is not a valid M .)

/IA)-Kx) / s f- (set /6) =e
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8. For this problem, you may use the following basic Taylor series:

sin(x) =
1X

k=0

(�1)
kx2k+1

(2k + 1)!
cos(x) =

1X

k=0

(�1)
kx2k

(2k)!
ex =

1X

k=0

xk

k!

1

1� x
=

1X

k=0

xk.

(a) (6 points) Find the Taylor series for g(x) =
1

4 + 9x2
based at b = 0.

Give your answer using ⌃-notation and list the first three nonzero terms.

(b) (5 points) Find the Taylor series for h(x) = arctan

✓
3x

2

◆
based at b = 0.

Give your answer using ⌃-notation and list the first three nonzero terms.

(c) (3 points) Find the open interval of convergence for the series you found in part (b).

§?× "
d :-4

¥
.

-8¥
k=o

Lxo-9¥

¥i=§i"%¥÷¥×"+ . . .

;÷¥=÷×.
4+¥= §

61-444×24
4=0

""

;÷÷¥=&×-¥÷i+ .arctan
= {

¥ converges
for -1 < ✗ < I

- I < -9¥ < 1
d÷4

no change 2 -4g < ✗2<4-9t×→ -9¥ ¥1T
¥9,5 converges for

-1 ' < I
=3 < ✗ <3- .

fmult.by 6, integrate
no change so(¥


