Problem 1: The length of the vector a = (2,6, —3) is
(o) 7 () 8 (%) 144 (x) 25 (x) —12

Problem 2: Suppose that ||a|| = 3 and ||b|| = v/18 and angle between a and b is . Find a e b.
(e) 9 (%) 8 (%) 18 (x) 6 (%) 8

Problem 3: Find the scalar projection of a = (4,1,2) and b = (-2, 3,
(o) 1 (%) 7 (%) 6 (%)

Problem 4: Let a= (1,2,2) and b= (—1,1,4). Find the vector orth,b = b — Proj,b.
(¢) (=2,1,2) (%) (2,1,-2) (%) (2,-2,1) (%) (=2,2,1) (%) (—4,2,2)

Problem 5: Ifa= (2

7, — ) and b = (1,3,4), then a x b is
(o) (43,—13,—1) (%) (

13,43, —1) (%) (43,13,—1) (%) (43,—13,1) () (43,—13,—7)

Problem 6: FEvaluate %(43/ — &) cos(32) da + (52 + arctan(y)) dy where C' is the circle

c
2% 4+ y? = 4 with counter-clockwise orientation.

(o) 47 (%) 27 (%) 167 (%) —367 (%) 36m

Problem 7: If F(z,y,2) = (zz + sin(100z), zyz — y2 + 4, —y% + 22) find curl(F).



(o) (—y(z+z),7,y2) (*) (7, —y(z + 2),y2) (*) (yz, z, —y(z + z)) (*) (y(z +2),7,yz)
(x) (0,0,0)

Problem 8: Let F(x,y,2) = (¢¥,ze¥ + ¢*, ye?) be a conservative vector field. Find a function
f(z,y,2) such that Vf = F.
(o) ze¥ + ye* (%) (z +y)eY (%) ze¥™* (%) wye?™* (%) (x+y+ 2)e""?

Problem 9: Let F(z,y,z) = <:cz + e¥sin z, zyz + €* cos(2? + 99), —y® + z2>. Find div(F).
(o) (x4 1)z () 2y + 2 () yz (+) 99 () 8% + y

Problem 10: Find the area of the part of the paraboloid z = 2% + %? that lies under the plane

z = 20,
364 365 200
(o) -7 (%) =5 7 (%) 207 (%) 3657 (%) S 7

Problem 11: Let S = {(z,y,2) || 2?4+ 4> =1, 0< 2z <1+=z }. Use the cylindrical coordinate

system to evaluate zdS
3 ° 2
(o) 5 () 5 (+) 0 () 27 () 5

Problem 12: Let F = (y,z,2z) and let S = {(z,y,2) || z=1—a2* =4 2 +y* <1 }. A unit

. - 1 . = N
normal to S is 7 = WesTeee) (2x,2y,1). Find //FondS.



Problem 13: Let F = (—y% x,2%) and let #(t) = (cost,sint,2 —sint) for 0 < ¢ < 2r. Find

% Fedf

((i) T (%) 27 (%) —27 (%) —m () 0

Problem 14: Let S = {(x,y,z) ‘ r+y+z=1,2>20,y>0 2=>0 } A normal vector to S is

1
= —=(1,1,1). Use Stokes’ Theorem to evaluate j{ zdx —2xdy+ 3y d z orienting JS so that if

\/g oS
you are standing on 95 with S on your left, your head points in the direction of 7.

(o)1 ¥ O () -¥2 ()0

Problem 15: Let F(x,y,2) = (z + 42,3y + 2*, 2 4+ y?) and let E = {(z,y,2) | 2*+92+22 <1 }.
Use the Divergence Theorem to compute # F eiid S if the normal to O is the one pointing out

OF

of F.
2T 2T

(o) 47 (%) 27 (%) = () =5

- () 0

Problem 16: Find the position vector 7(t) of a particle that has the acceleration vector @(t) =
(t,e', e "), the initial velocity vector ¢(0) = (0,1, —1) and the initial position 7(0) = (0,1, 1).
3 t2 . t2 P

@ (Gee) @ {Gee) mdet) mEdet)  m (G



Problem 17: Find an equation of the tangent line to the curve 7(t) = (t,In(1 — t), ') at 7(0) =
(0,0,1).

(Mr=—y=z2-1 He=y=2z Nr=—y=2 (Hor=y=

x)z—1=y=2z-1

Problem 18: Suppose the temperature at a point (x,y, ) is given by

72

T _
(z,y,2) 1+ 622 + 2y2 + 322

where T is measured in degrees Celsius and z, y and z are measured in meters. What is the
maximum rate of change in 7" at the point (1,1, 1).

(o) 7 (%) 72 () 6 (%) 2 (%) 3

Problem 19: Find the length of the curve 7(t) = (12¢,5cost,5sint) for 1 <t < 2.
(o) 26 (%) 13 (%) 24 (%) 17 (%) 30

Problem 20: Find the shortest distance from (2, 1,1) to the plane x 4+ 2y + 2z + 6 = 0.

(o) 4 (*) 2 (+) 6 (%) 3 (+) 0

Problem 21: Let f(x,y) = 2* +y* — 4xy + 99, Given that (—1,—1) is a critical point of f(z,y)
then it is

(e) a local minimum (x) a saddle point (*) an absolute maximum (%) can not tell
(%) a local maximum but not an absolute maximum



Problem 22: Evaluate the integral sin(y®) dy d x by reversing the order of integration.

o\§

(o) 1 (%) (%) VT (%) 7 (%) 0

DN | —

Problem 23: Use the cylindrical coordinate system to evaluate
2 Vi—a? 2

/ / / 5(* +y*)dzdydx

=2 _\/4—x2 22+4y2

(o) 167 (%) 4w (%) 5w (%) 3w () 7
Problem 24: Let r = u? — w? and y = 2uw. Then % =
(o) 4(u?® + w?) (%) —4(u* + w?) (%) u? + 7302 (%) 2(u? + w?) () 0

3
Problem 25: Evaluate / / / 3¢+’ +2%)% 71/ using spherical coordinates where B = {(z,y,2) || 2*+

y 2 <4
4 4

() 47(e® —1) (%) ?(68 —1) (%) ?(e —1) (%) 4m(e — 1) (%) 1
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Record your answers to the multiple choice problems by placing an x through one
letter for each problem on this answer sheet. There are 20 multiple choice questions.
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1. Let S be the part of cylinder y? + 2> = 1, with z > 0,and 0 < z < 1, and let S
have the upward orientation. Determine which of the following equals / F - dS where
s
F(x,y,z) = (0,0, z2).

(a) /01/11 V1= y2dydz. (b) /01/11 V1 — 22dydz

© [ 1 / 11<1 — y?)dydz W [ 1 / 11[@ |"\dydz

() /01 /_11(1 ~ ) dyda

2. Find the maximum rate of change of f(z,y) = z?y + 2y at the point (—1,2) and the
direction in which it occurs.

1
(a) The maximum rate of change is 5 in the direction S<_4’ 3).
. . T
(b) The maximum rate of change is 5 in the direction —(—3,4).
. - oo ]
(¢) The maximum rate of change is 5 in the direction 5<4’ 3).
: N PR |
(d) The maximum rate of change is 5 in the direction 5(4, —-3).

1
(e) The maximum rate of change is 6 in the direction 3<_4’ 3).

3. Evaluate / (14 2%y)ds where C' is the upper half of the unit circle 2 + y* = 1.
c

(a) 7+ - (b) 2r. (c) 0. ()

Wl N

(e) 1.



4. Determine which of the following integrals gives the volume of the region bounded by
the cylinder 2% + 4% = 1, and the planes z =0 and z + z = 1.

27 1 1—rcos@ ™ 1 1—rcosf
a) / / / rdzdrdd (b) / / / rdzdrdf
0 0 JO 0 0 Jo
27 1 1—rcos@ 5 1 1—rcosf
c) / / / dzdrd6 (d) / / / rdzdrd6
0 0 JO 0 0 JO

1 py/1—y2 11—
e) / / / dzdxdy
0o Jo 0

5. Let C be the curve r(t) = (t,cos(2t),1 + sin(3t)), 0 < ¢t < —, and let

b 3

F(r,y,z) = (y(2x + 2),z(z + 2) — z,y(x — 1) 4+ 22).

Compute / F -dr. (Hint: Find f with F = Vf).
C

2 2
() — (b) 0 OF (@17 (&) 5 —1
0?2
6. If 2 = f(z,y), v = u® +v? and y = u?® — v?, find I
() duv(fow — fyy) (0) 2(fax + fyy) (¢) 4uv(fox + fyy)

(d) duv(fez + 2fyy — fyy) (e) duv(frw + 2fyy + fyy)

7. Find the scalar projection, compy (w), of the vector w = (1,1, 2) onto the vector
= (2,-2,1).

(a) (d) 2 (e) —=

V6

Wi o
—
o
N~—
|
Wi
—
¢}
N—
—_

8. Determine which of the following integrals gives the area of the region in the xy-plane
below the z-axis above y = 22 — 2 and to the left of y = —22 — 2.

___1 1_— ———1
/ / dxdy / / dxdy / / dxdy
0 —4-1 0 pz?-2
d) / / dzdy (e) / / dydzx
—V2J—/y¥+2 —2J—-2x—-2



9. Find surface area of the part of the paraboloid z = z? + y* that lies under the plane
z=4.

2 2 27 2
(a) / / rv 1+ 4r2drdf (b) / / V' 1+ 4r2drdf
o Jo o Jo
s 2 27 1
(c) / / rv/ 1+ 4r2drdf (d) / / rv 1+ 4r2drdf
o Jo o Jo

27 4
(e) / / v 1+ 4r2drdf
o Jo

10. Let C be the triangle with vertices (0,0), (1,1), and (2,0) oriented counterclockwise.

Compute
/C[cos 2190 4 24P dx 4 [sin(e?) 4 25y*]dy
4 5
(a) 0 (b) 1 (c) -1 (d) - (e) -
5 4
y? Y’
11. Express the area between 2 + Z— = 1 and 22 + 2= = 9 as an integral, using the substi-

tution x = rcosf and y = 3rsinf.

27 3 27 3 27 3
(a) / / 3rdrdf (b) / / 9rdrdf (c) / / 3r2drdf
0 1 0 1 0 1
27 9 27 3
(d)/ / 3rdrdf (e)/ / 3rdrdf
0 1 0 0

12. Calculate the arc length of the helix parameterized by r = (—3t,4 cost, —4sint) for 0 <
t<m

(a) 5 (b) 0 (c) 10 (d) 127 (e) 2w

13. Find the absolute minimum of f(z,y) =z + 2y* + 4y — 2 on the disk 2% + y* < 4.

(a) —4 (b) —6 (c) 0 (d) —2 (e) 14

14. Find a direction vector for the line of intersection of the planes x + y + 2z = 1 and
3z —y =0.
(a) <1737_2> (b) <1737 2> (C) <3> _27 1> (d) <3717_2> (e) <_27371>



15.

16.

17.

18.

19.

20.

Let C be the intersection of the cylinder z* + y* = 1 and the plane z = 2y + 3 oriented

counter-clockwise with the normal upwards. Use Stokes Theorem to calculate | F - dr

c
where
F(z,y,z) = (2eY — z,cos(yz), xze¥).
7T 27
(a) 2 (b) V57 (c) 7 (d) 7 (e) 0

3
Evaluate /// 3el@* 22101 where E is the upper half of the ball radius 1 cen-
E

tered at the origin.

(a) 2m(e — 1) (b) w(e —1) (c) 4m(e — 1) (d) = (e) 2w

Find the minimum of the function f(z,vy,2) = 2* + 3> + 22? on the surface 2%y*z = 16.
(a) 10 (b) 8 (c) 16 (d) 12 (e) 14

A particle starts from rest at time ¢ = 0 at the origin (0,0,0). It then begins to move
with acceleration a(t) = (1,6t,12t?). Find the time, if ever, at which the particle passes
through the point (1,1,1).

(a) never (byt=1 (c)t=2 (d)t=3 (e)t=6

2

Determine two vectors that are tangent to the surface r(u,v) = (vu? — 2u, uv* — v, uv) at

the point (0, 1,2).

(a) (2,1,1),(4,3,2) (b) (2,4,2),(1,3,1) (c) (0,1,1),(4,1,1)

(d) (1,2,-1),(1,-2,1) (e) (0,2,—1),(1,—6,3)

Find F - dS where F(x,y, z) = (zy, 1Y —zy) and S is the surface of the sphere
S

22 + 3% + 2% = 4 with the outward orientation.

(a) 87 (b) (c) 2m (d) 167 (e) 0
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1. Let C be the triangle with vertices (0,0), (1,1), and (2,0) oriented counterclockwise.
Compute

/ [cos 2% + 2y dx + [sin(e¥) + z°y*|dy
C

| Ot

(a) —1 (b) 1 (©) = (d) 0 (e)

2. Find the maximum rate of change of f(z,y) = z®y + 2y at the point (—1,2) and the
direction in which it occurs.

1
(a) The maximum rate of change is 5 in the direction 5(4, —3).
: o o]
(b) The maximum rate of change is 6 in the direction 3<_4’ 3).
: e PR |
(¢) The maximum rate of change is 5 in the direction S<_3’ 4).
: L o1
(d) The maximum rate of change is 5 in the direction 5<4’ 3).

1
(e) The maximum rate of change is 5 in the direction 5<_4’ 3).

3. Find a direction vector for the line of intersection of the planes r + y + 2z = 1 and
3x—y=0.
(a) 3,1,=2) (b)) 3,-2,1)  (¢) (=2,3,1) (d) (1,3,2) (e) (1,3,-2)

4
22 + y? + 2% = 4 with the outward orientation.

3
4. Find // F - dS where F(x,y, z) = (zy, -y, —zy) and S is the surface of the sphere
S

(a) 87 (b) 0 (c) 2w (d) 167 (e) w



. Determine which of the following integrals gives the area of the region in the xy-plane
below the z-axis above y = 22 — 2 and to the left of y = —2z — 2.

0 pa*-2 0 ,—%-1 0 ,—4-1
(a) / / dydx (b) / / dxdy (c) / / dxdy
—2J 222 —2J -T2 -2z

1-Y —¥

(a) //ﬁda:dy (e) /f/\/T

. Evaluate / (14 z2y)ds where C is the upper half of the unit circle 2% + y? = 1.
c

dxdy

(a) T+ -. (b) 2. (c) 0. (d) 1. (e)

Wl N

. Calculate the arc length of the helix parameterized by r = (—3t,4 cost, —4sint) for 0 <
t<m

(a) b (b) 127 (c) 10w (d) o (e) 2w

. Determine two vectors that are tangent to the surface r(u,v) = (vu® — 2u, uv? — v, uv) at
the point (0,1, 2).

(a) (2,4,2),(1,3,1) (b) (2,1,1), (4,3,2) (c) (0,2, —1), (1,—6,3)
(d) (0,1,1),(4,1,1) (e) (1,2, —1),(1,-2,1)

2 2
. Express the area between 2 + % =1and 2% + % = 9 as an integral, using the substi-

tution x = rcosf and y = 3rsinf.

27 9 27 3 27 3
(a)/ / 3rdrdf (b)/ / Irdrdf (c)/ / 3rdrdf
0 1 0 1 0 1
27 3 27 3
(d)/ / 3rdrdf (e)/ / 3r2drdf
0 0 0 1



10. Find the absolute minimum of f(x,y) = 2 + 2y 4+ 4y — 2 on the disk 2* + * < 4.

11.

12.

13.

(a) —6 (b) —4 (c) 0 (d) —2 () 14

Find surface area of the part of the paraboloid z = z? + y? that lies under the plane
z =4.

27 4 27 2
(a) / / rv/ 1+ 4r2drd6 (b) / / V 1+ 4r2drdf
o Jo o Jo
27 1 T 2
(c) / / rv/ 1+ 4r2drdf (d) / / rv 1+ 4r2drdf
o Jo o Jo
27 2
(e) / / rv/ 1+ 4r2drdf
o Jo

2,.,2,.2\2
Evaluate /// 3el@ ¥ 2210V where E is the upper half of the ball radius 1 cen-
E

tered at the origin.

(a) 27 (b) (c) dm(e — 1) (d) m(e —1) (e) 2m(e — 1)

Let C be the intersection of the cylinder z? + 4> = 1 and the plane z = 2y + 3 oriented

counter-clockwise with the normal upwards. Use Stokes Theorem to calculate | F - dr

c
where

F(z,y,2z) = (2¢Y — z,cos(yz), ze¥).

(a) 27 (b) (c) V5m (d) 0 ()

Sl

27
V5



14. Let S be the part of cylinder y* + 22 = 1, with 2 > 0,and 0 < z < 1, and let S

have the upward orientation. Determine which of the following equals / - dS where

F(z,y,2) = (0,0, 2).

/ / 1—y2 ] 'dyda (b) /01 /_11 V1= y2dydz.
c) /01 /_11(1 — %) dydx (d) /01 /_11 V1= 22dydz

e) /01/11(1—y2)dyd90

15. Let C be the curve r(t) = (t,cos(2t),1 +sin(3t)), 0 <t < T

5’ and let

F(z,y,2) = (y(2z + 2), 2(x + 2) — z,y(zx — 1) + 22).

Compute / F - dr. (Hint: Find f with F = Vf).
c

16. A particle starts from rest at time ¢ = 0 at the origin (0,0,0). It then begins to move
with acceleration a(t) = (1,6t,12¢%). Find the time, if ever, at which the particle passes
through the point (1,1,1).

(a) t=6 (b) never (c)t=1 (d)t=2 (e)t=3
17.If z = f(x,y), £ = u® + v? and y = u? — v?, find 86:51)'
(a) 4uv(fex +2fyy — fyy) (b) 4uv(fow — fyy) (c) 4uv(foa + 2fyy + fyy)

(d) 4uv(foz + fyy) (€) 2(fze + fyy)



18. Find the scalar projection, compy (W), of the vector w = (1,1, 2) onto the vector
v =(2,-21).

()

Wl N

19. Find the minimum of the function f(z,y, z) = 2% + y* 4+ 22? on the surface z?y*z = 16.

(a) 8 (b) 16 (c) 14 (d) 12 (e) 10

20. Determine which of the following integrals gives the volume of the region bounded by
the cylinder 2% 4+ ¢ = 1, and the planes z =0 and = 4 z = 1.

5 1 1—rcosf 27 1 1—rcos@
(a) / / / rdzdrdf (b) / / / rdzdrdf
0 0 JO 0 0 JO
T 1 1—7rcos@ 27 1 1—rcos6
(c) / / / rdzdrdf (d) / / / dzdrdf
0 0 0 0 0 JO

(e) /01 /O@/Ol—ﬂﬂ dzdxdy



