
Classro om Voting Questions:
Multiv ariable Calculus

12.1 Functions of Tw o Variables

1. A functionf (x; y) canbe an increasingfunctionof x
with y held �xed, and be a decreasingfunctionof y
with x held�xed.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

2. You awakenonemorningto �nd that you have been
transferredonto a grid which is setup likea standard
right-hand coordinatesystem. You are at the point
(-1, 3,-3),standingupright, and facingthe xz-plane.
You walk 2 units forward, turn left, andwalk for an-
other2 units. What is your �nal position?

(a) (-1,1,-1)

(b) (-3,1,-3)

(c) (-3,5,-3)

(d) (1,1,-3)
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3. Startingat the origin, if you move3 units in the pos-
itive y-direction,4 units in the negative x-direction,
and2 units in the positive z-direction,you areat:

(a) (3,4,2)

(b) (3,-4,2)

(c) (4,3,2)

(d) (-4,3,2)

4. Which of the following points liesclosestto the xy-
plane?

(a) (3,0,3)

(b) (0,4,2)

(c) (2,4,1)

(d) (2,3,4)

5. Which of thefollowingpoints liesclosestto theorigin?

(a) (3,0,3)

(b) (0,4,2)

(c) (2,4,1)

(d) (2,3,4)

6. Which of thefollowingpoints liesclosestto they-axis?
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(a) (3,0,3)

(b) (0,4,2)

(c) (2,4,1)

(d) (2,3,4)

7. The point (2,1,3)is closestto:

(a) the xy plane

(b) the xz plane

(c) the yz plane

(d) the planez=6

8. Which of the followingpoints liesclosestto the point
(1,2,3)?

(a) (3,0,3)

(b) (0,4,2)

(c) (2,4,1)

(d) (2,3,4)

9. SphereA iscenteredat theoriginandthepoint (0,0,3)
lieson it. SphereB is givenby the equationx2 + y2 +
z2 = 3. Which of the following is true?

(a) A enclosesB
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(b) A andB areequal

(c) B enclosesA

(d) noneof the above

10.The points (1,0,1)and(0,-1,1)arethe samedistance
from the origin.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

11.The point (2, -1, 3) lies on the graphof the sphere
(x � 2)2 + (y + 1)2 + (z � 3)2 = 25.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

12.In a tableof valuesfor a linearfunction,the columns
must have the sameslope asthe rows.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent
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(c) False,but I am not very con�dent
(d) False,andI am very con�dent

13.Thesetof all points whosedistancefromthe z-axisis
4 is the:

(a) sphereof radius4 centeredon the z-axis
(b) line parallel to the z-axis 4 units away from the

origin
(c) cylinderof radius4 centeredon the z-axis
(d) planez = 4

12.2 Graphs of Functions of Tw o Variables

14.What doesa graphof the functionf (x; y) = x look
like?

(a) A line in the xy plane
(b) A line in threedimensions
(c) A horizontal plane
(d) A tilted plane

15.Let h(x; t) = 3+ 3sin
�

�
10x

�
cos(2� t) be the distance

above the ground(in feet)of a jump ropex feetfrom
oneand after t seconds.The two peopleturning the
rope stand10feetapars.Thenh(x; 1=4) is
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(a) Concave up

(b) Concave down

(c) Flat

(d) Changesconcavity in the middle

16.The object in 3-spacedescribedby x = 2 is

(a) A point

(b) A line

(c) A plane

(d) Unde�ned

17.Thesetofpointswhosedistancefromthez-axisequals
the distancefrom the xy-planedescribesa

(a) Plane

(b) Cylinder

(c) Sphere

(d) Cone

(e) Doublecone(two conesjoinedat their vertices)

18.The graphof f (x; y) = 2� x2� y2
will look mostlike

(a) a bowl openingup, but moreshallow than x2 + y2

(b) a bowl openingup, but moresteepthan x2 + y2
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(c) a bowl openingdown

(d) a smallhill in a largeplane

19.The crosssectionsof g(x; y) = sin(x) + y + 1 with x
�xed are

(a) lines

(b) parabolas

(c) sinusoidalcurves

(d) noneof the above

20.The graph of the equationf (x; y) = 2 is a plane
parallelto the xz-plane.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

21.The crosssectionof the functionf (x; y) = x + y2 for
y = 1 is a line.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent
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(d) False,andI am very con�dent

22.The graphsof f (x; y) = x2 + y2 and g(x; y) = 1 �
x2 � y2 intersectin a circle.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

23.The equationAx + By + Cz + D = 0 represents a
line in space.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

24.In threespace,x2 + y2 = 1 represents

(a) a circle

(b) a cylinder

(c) a sphere
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12.3 Con tour Diagrams

25.Which of the followingtermsbestdescribestheorigin
in the contour diagramin the �gure below?

(a) A mountain pass

(b) A dry river bed

(c) A mountain top

(d) A ridge

26.Usingthecontour plot pictured,which pathwill result
in the greatestchangein altitude?
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(a) From A to B

(b) From C to B

(c) From D to B

(d) All changesin altitude areapproximatelyequal.

27.Using the contour plot pictured, which path is the
steepest?

(a) From A to B

(b) From C to B

(c) From D to B

(d) All changesin altitude areapproximatelyequal.

28.The contour linesof z = e(sin(x2+ y2)) will be
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(a) lines
(b) circles
(c) exponential curves
(d) noneof the above

29.The contoursof graphof f (x; y) = y2 + (x � 2)2 are
eithercirclesor a singlepoint.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

30.If all the contours for f (x; y) areparallellines,then
the graphof f is a plane.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

31.On a weathermap,therecanbe two isotherms(con-
tour lines)which represent the sametemperaturebut
do not intersect.

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

12.4 Linear Functions

32.A planehasa z-interceptof 3, a slope of 2 in the x
direction,and a slope of -4 in the y direction. The
height of the planeat (2,3) is

(a) -2

(b) -8

(c) -5

(d) not givenby this information

33.Which of the followingplanesis parallelto the plane
z = � 2 � 2x � 4y?

(a) z = � 1 � 2x � 2y

(b) (z � 1) = � 2 � 2(x � 1) � 4(y � 1)

(c) z = 2+ 2x + 4y

34.Any threepoints in 3 spacedeterminea uniqueplane.

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

35.Any two distinct linesin 3-spacedeterminea unique
plane.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

36.If the graphof z = f (x; y) is a plane,theneach cross
sectionis a line.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

12.5 Functions of Three Variables

37.Level surfacesof the functionf (x; y; z) =
p

x2 + y2

are
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(a) Circlescenteredat the origin
(b) Spherescenteredat the origin
(c) Cylinderscenteredaroundthe z-axis
(d) Upper-hemispherescenteredat the origin

38.Any level surfaceof a functionof 3 variablescanbe
thought of asa surfacein 3 space.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

39.Any surfacethat is a graphof a 2-variablefunction
z = f (x; y) canbe thought of asa level surfaceof a
functionof 3 variables.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

40.Any level surfaceof a functionof 3 variablescanbe
thought of asthe graphof a functionz = f (x; y).

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

41.Supposethe temperatureat time t at the point (x; y)
is given by the function T(x; y; t) = 5t � x2 � y2.
Which of the followingwill not causetemperatureto
decrease?

(a) moving away from the origin in the positive x di-
rection

(b) moving away from the origin in the positive y di-
rection

(c) movingaway fromtheoriginin thedirectionof the
line y = x

(d) standingstill and letting time pass

42.If temperatureat thepoint (x; y; z) isgivenby T(x; y; z) =
cos(z � x2 � y2), the level surfaceslook like:

(a) spheres

(b) Pringlesbrandpotato chips

(c) planes

(d) bowls
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43.The level surfacesof the function f (x; y; z) = x2 +
y2 + z2 arecylinderswith axisalongthe y-axis.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

13.1 Displacemen t Vectors

44.Thelengthof thesumof two vectorsisalwaysstrictly
largerthan the sumof the lengthsof the two vectors

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

45.jj~vjj = jv1j + jv2j + jv3j, where~v = v1~i + v2~j + v3
~k.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent
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46.~v and ~w areparallelif ~v = � ~w for somescalar�

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

47.Any two parallelvectorspoint in the samedirection.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

48.Any two points determinea uniquedisplacement vec-
tor.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

49.2~v hastwicethe magnitudeas~v

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
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(c) False,but I am not very con�dent

(d) False,andI am very con�dent

50.In the picture,the unlabelledvectoris closestto

(a) v + w

(b) v � w
(c) v + 2w

(d) 2v + w

51.A \unit vector" is a vectorwith a magnitudeof one.
Thevectorŝi = h1; 0; 0i ; ĵ = h0; 1; 0i andk̂ = h0; 0; 1i
areunit vectorsthat point in the x, y, and z direc-
tions,respectively.

True or False: The vectorh1
2;

1
2i is a unit vector.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent
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(c) False,but I am not very con�dent
(d) False,andI am very con�dent

52.True or False: The vector 1p
3
î � 1p

3
ĵ + 2p

3
k̂ is a

unit vector.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

53.Which of the followingis a unit vectorthat is parallel
to the vectorh1; � 2; 3i ?

(a) h1
6; � 2

6; 3
6i

(b) h 1p
14

; � 2p
14

; 3p
14

i

(c) h1
14; � 2

14;
3
14i

(d) h� 1p
14

; 2p
14

; � 3p
14

i

(e) Morethan oneof the above

54.The vectors2̂i � ĵ + k̂ and î � 2̂j + k̂ areparallel.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
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(d) False,andI am very con�dent

55.Find a vectorthat points in the samedirectionasthe
vectorh2; 1; 2i , but hasa magnitudeof 5.

(a) h10
3 ; 5

3;
10
3 i

(b) h10p
3
; 5p

3
; 10p

3
i

(c) h 5p
3
; 5p

3
; 5p

3
i

(d) h10; 5; 10i

(e) h30; 15; 30i

(f) Morethan oneof the above

13.2 Vectors in General

56.A planeis 
ying duesouth. Thereis a strongwind
from the west. In what directiondoesthe pilot have
to point the planeto stay on course?

(a) South

(b) East

(c) West

(d) Southeast

(e) Southwest
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57.A boat is travelingwith avelocity of30mphdueWest
relative to the water. The current is 
owing 10mph
at an angleof 45� Westof North. What is the boat's
net velocity?

(a) 37.7mph at 10.8� Southof West

(b) 37.7mph at 79.2� Westof North

(c) 24.0mph at 17.1� North of West

(d) 24.0mph at 17.1� Westof North

(e) Noneof the above

58.A caris travelingalongthepath frompoint A towards
point D. Whenis the velocity vectorclosestto being
parallelto ĵ (assumingthis path is in the xy plane)?

(a) A

(b) B
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(c) C
(d) D

13.3 The Dot Pro duct

59.The only way that ~v � ~w = 0 is if ~v = 0 or ~w = 0.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

60.The zerovector~0 (with magnitudejj~0jj = 0) is per-
pendicularto all othervectors.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

61.Any planehasonly two distinct normalvectors

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
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(d) False,andI am very con�dent

62.Parallelplanessharea samenormalvector.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

63.Perpendicularplaneshave perpendicularnormalvec-
tors.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

64.What is the anglebetweenthe vectorsh
p

3; 1i and
h�

p
3; 1i ?

(a) 30degrees

(b) 60degrees

(c) 90degrees

(d) 120degrees

(e) 150degrees
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(f) Noneof the above

65.The anglebetweenthe vectors� xî � ĵ + k̂ andxî +
2̂j � 3k̂:

(a) is 0 degrees

(b) is lessthan 90degrees

(c) is greaterthan 90degrees

(d) canbeany of the abovedependingon the valueof
x.

66.Two vectorshave a dot product of 14. To guarantee
the dot product is equalto 28,you could:

(a) doublethe anglebetweenthe vectors

(b) doublethe lengthof both vectors

(c) doublethe lengthof onevector

(d) noneof the above

67.Which of the followingis a point in the planeparallel
to 3x + 4y � 2z = 6 containing the origin?

(a) (1,1,1)

(b) (1,2,3)

(c) (3,2,1)
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(d) noneof the above

68.In 2 space,considerthe vector~v = 5̂i + 7̂j . For which
unit vectorbelow will the component of ~v perpendic-
ular to that unit vectorbe largest?

(a) î
(b) (î � ĵ )=

p
2

(c) ĵ

(d) (î + ĵ )=
p

2

69.A 100-meterdashis run on a track headingnorth-
easterly. If the wind is blowing out of the southat
a speedof 8 km/hr. The rulessay that a legalwind
speedmeasuredin the directionof the dashmust not
exceed5 km/hr. Will the raceresultsbe disquali�ed
dueto an illegalwind?

(a) Yes, the raceresultswill be disquali�ed because
the wind exceeds5 km/hr in the directionof the
race.

(b) No,theraceresultswill not bedisquali�edbecause
the wind doesnot exceed5 km/hr in the direction
of the race.

(c) There is not enoughinformation to answer this
question.
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70.A 100-meterdashis run ona track in the directionof
the unit vector~v = 1p

2
î + 1p

2
ĵ . If the wind velocity ~w

is ~w = 5̂i + 1̂j km/hr. Therulessay that a legalwind
speedmeasuredin the directionof the dashmust not
exceed5 km/hr. Will the raceresultsbe disquali�ed
dueto an illegalwind?

(a) Yes, the raceresultswill be disquali�ed because
the wind exceeds5 km/hr in the directionof the
race.

(b) No,theraceresultswill not bedisquali�edbecause
the wind doesnot exceed5 km/hr in the direction
of the race.

(c) There is not enoughinformation to answer this
question.

71.A 100-meterdashis run on a track in the direction
of the vector~v = 2̂i + 6̂j . The wind velocity is ~w =
5̂i + ĵ km/hr. The rulessay that a legalwind speed
measuredin thedirectionof thedashmustnot exceed
5 km/hr. Will the raceresultsbe disquali�eddueto
an illegalwind?

(a) Yes, the raceresultswill be disquali�ed because
the wind exceeds5 km/hr in the directionof the
race.
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(b) No,theraceresultswill not bedisquali�edbecause
the wind doesnot exceed5 km/hr in the direction
of the race.

(c) There is not enoughinformation to answer this
question.

72.The pictureshown is in 2 space.If the forcevectoris
~F = � 4̂j , the total work to which point will be the
mostpositive?

(a) A
(b) B
(c) C
(d) D

73.An equationof the planewith normalvectorî + ĵ + k̂
containing the point (1, 2, 3) is z = x + y .
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(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

74.Which of the followingvectorsis normalto the plane
z = � 3x + 4y + 25?

(a) h3; � 4; 1i

(b) h� 3; 4; 1i

(c) h� 3; 4; 25i

(d) h� 3; 4; � 1i

(e) Morethan oneof the above

75.For any two vectors~u and~v, ~u � ~v = ~v � ~u.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

76.For any two vectors~u and ~v and any scalark, it is
true that k(~u � ~v) = (k~u) � ~v.

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

13.4 The Cross Pro duct

77.The crossproduct of 2̂i and3̂j is

(a) 6k̂

(b) � 6k̂
(c) 0
(d) 6̂i ĵ

78.For the vectors~a = 4̂i � ĵ + 2k̂ and~b = � î + 5̂j + 3k̂,
the crossproduct~a � ~b is

(a) � 13̂i + 14̂j + 19̂k

(b) 13̂i + 14̂j � 19̂k

(c) � 13̂i � 14̂j + 19̂k

(d) 13̂i � 14̂j � 19̂k

79.A vector that is normal to the planecontaining the
vectors~a = 4̂i � ĵ + 2k̂ and~b= � î + 5̂j + 3k̂ is

(a) � 13̂i + 14̂j + 19̂k
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(b) 13̂i + 14̂j � 19̂k

(c) � 13̂i � 14̂j + 19̂k

(d) 13̂i � 14̂j � 19̂k

80.If ~d = ~a � ~b, then~a � ~d =

(a) ~a � (~b� ~b)
(b) 0

(c) ~a � ~a � ~b

(d) (~a � ~b) � ~b

81.For any vectors~u and~v, ~u � ~v = ~v � ~u

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

82.For any vectors~u and~v, (~u � ~v) � (~v � ~u) = (~v �
~u) � (~u � ~v)

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent
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14.1 The Partial Deriv ativ e

83.At point Q in thediagrambelow, which of the follow-
ing is true?

(a) f x > 0; f y > 0

(b) f x > 0; f y < 0

(c) f x < 0; f y > 0

(d) f x < 0; f y < 0

84.List the points P, Q, R in orderof decreasingf x.
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(a) P > Q > R

(b) P > R > Q

(c) R > P > Q

(d) R > Q > P

(e) Q > R > P

85.Usingthe level curvesof f (x; y) given in the �gure
below, which is larger,f x(2; 1) or f y(1; 2).
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(a) f x(2; 1) > f y(1; 2).

(b) f x(2; 1) < f y(1; 2).

86.Supposethat the priceP (in dollars),to purchasea
usedcar is a functionof C, its originalcost(alsoin
dollars),and its ageA (in years). SoP = f (C; A).
The signof @P

@C is

(a) Positive

(b) Negative

(c) Zero

87.Usingthecontour plot of f (x; y), which of the follow-
ing is true at the point (4,2)?
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(a) f x > 0 andf y > 0

(b) f x > 0 andf y < 0

(c) f x < 0 andf y > 0

(d) f x < 0 andf y < 0

88.Usingthecontour plot of f (x; y), which of the follow-
ing isclosestto thepartial derivativeof f with respect
to x at (4,2)?

(a) 40

(b) 20

(c) 10

(d) 4
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89.At which point above the xy planewill both partial
derivativesbe positive?

(a) (-5,-5)
(b) (5,-5)
(c) (5,5)
(d) (-5,5)

14.2 Computing Partial Deriv ativ es Algebraically

90.Which of the followingfunctionssatisfyEuler'sEqua-
tion, xf x + yf y = f ?

(a) f = x2y3
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(b) f = x + y + 1

(c) f = x2 + y2

(d) f = x0:4y0:6

91.If @f
@x = @f

@y everywhere,then f (x; y) is constant.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

92.There existsa function f (x; y) with f x = 2y and
f y = 2x.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

14.3 Lo cal Linearit y and the Di�eren tial

93.Let f (2; 3) = 7, f x(2; 3) = � 1, and f y(2; 3) = 4.
Thenthe tangent planeto the surfacez = f (x; y) at
the point (2; 3) is
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(a) z = 7 � x + 4y

(b) x � 4y + z + 3 = 0

(c) � x + 4y + z = 7

(d) � x + 4y + z + 3 = 0

(e) z = 17+ x � 4y

94.The �gure below shows level curvesof the function
f (x; y). The tangent planeapproximation to f (x; y)
at thepoint P = (x0; y0) is f (x; y) � c+ m(x � x0)+
n(y � y0). What arethe signsof c, m, andn?

(a) c > 0, m > 0, n > 0

(b) c < 0, m > 0, n < 0

(c) c > 0, m < 0, n > 0

(d) c < 0, m < 0, n < 0

(e) c > 0, m > 0, n < 0

95.Supposethat f (x; y) = 2x2y. What is the tangent
planeto this functionat x = 2, y = 3?

(a) z = 4xy(x � 2) + 2x2(y � 3) + 24
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(b) z = 4x(x � 2) + 2(y � 3) + 24

(c) z = 8(x � 2) + 2(y � 3) + 24

(d) z = 24(x � 2) + 8(y � 3) + 24

(e) z = 24x + 8y + 24

96.Thedi�erential ofa functionf (x; y) at thepoint (a;b)
is givenby the formula df = f x(a;b)dx + f y(a;b)dy.
Doublingdx anddy doublesdf .

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

97.Thedi�erential ofa functionf (x; y) at thepoint (a;b)
is givenby the formula df = f x(a;b)dx + f y(a;b)dy.
Moving to a di�erent point (a;b) may changethe for-
mula for df .

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent
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98.Thedi�erential ofa functionf (x; y) at thepoint (a;b)
is givenby the formula df = f x(a;b)dx + f y(a;b)dy.
If dx and dy represent small changesin x and y in
moving away from the point (a;b), then df approxi-
matesthe changein f .

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

99.Thedi�erential ofa functionf (x; y) at thepoint (a;b)
is givenby the formula df = f x(a;b)dx + f y(a;b)dy.
The equationof the tangent planeto z = f (x; y) at
the point (a;b) canbe usedto calculatevaluesof df
from dx anddy.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

100.A small businesshas $300,000worth of equipment
and100workers.Thetotal monthly production,P (in
thousandsofdollars),isa functionof thetotal valueof
the equipment, V (in thousandsof dollars),and the
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total number of workers,N. The di�erential of P is
givenby dP = 4:9dN+ 0:5dV . If thebusinessdecides
to lay o� 3 workers and buy additional equipment
worth $20,000,then

(a) Monthly productionincreases.
(b) Monthly productiondecreases.
(c) Monthly productionstays the same.

101.Which of the following couldbe the equationof the
tangent planeto the surfacez = x2 + y2 at a point
(a;b) in the �rst quadrant?

(a) z = � 3x + 4y + 7
(b) z = 2x � 4y + 5
(c) z = 6x + 6y � 18
(d) z = � 4x � 4y + 24

102.Supposef x(3; 4) = 5, f y(3; 4) = � 2, andf (3; 4) = 6.
Assumingthe function is di�erentiable, what is the
bestestimatefor f (3:1; 3:9) usingthis information?

(a) 6.3
(b) 9
(c) 6
(d) 6.7
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103.We needto �gure out the areaof the 
o or of a large
rectangularroom, however our measurements aren't
very precise. We �nd that the room is 52.3 ft by
44.1ft sowe get an areaof 2,306.43squarefeet,but
ourmeasurements areonlygood to within a coupleof
inches,roughlyan errorof 0.2feetin both directions,
soour estimateof the areais probablyo� by a bit.
Usedi�erentials to determinethe likely error in our
estimateof the 
o or's area.

(a) 0.04squarefeet
(b) 19.24squarefeet
(c) 19.28squarefeet
(d) 19.32squarefeet
(e) 19.56squarefeet

104.A giant stonecylindersuddenlyappearson the cam-
pus lawn outside,and we of courseask ourselves:
What could its volumebe? We sendout a student
with a meterstick to measurethe cylinder,who re-
ports that the cylinder hasa height of 3.34meters
(with a measurement errorof 2 centimeters)andhas
a radiusof 2.77meters(give or take 3 centimeters).
We know that the volumeof a cylinderis V = � r 2h,
so we estimateits volumeas 80.5m3. What is our
measurement erroron this volume?
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(a) 5 cm
(b) 1.00m3

(c) 1.89m3

(d) 2.23m3

14.4 Gradien ts and Directional Deriv ativ es in the
Plane

105.The �gure shows the temperatureT � C in a heated
room as a function of distancex in metersalonga
wall andtime t in minutes.Which of the following is
larger?

(a) jjr T(15; 15)jj
(b) jjr T(25; 25)jj

106.The table below givesvaluesof the function f (x; y)
which issmoothly varyingaroundthepoint (3,5). Es-
timate the vectorr (f (3; 5)). If the gradient vectoris
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placedwith its tail at the origin, into which quadrant
doesthe vectorpoint?

(a) I

(b) II

(c) III

(d) IV

(e) Can't tell without moreinformation

107.Let r f (1; 1) = 3̂i � 5̂j . What is the sign of the
directionalderivativeof f in thedirectionof thevector
- and in the directionof the vector" ?

(a) positive andpositive

(b) positive andnegative

(c) negative andpositive

(d) negative andnegative

108.Let r f (1; 1) = 3̂i � 5̂j . What is the sign of the
directionalderivativeof f in thedirectionof thevector
 and in the directionof the vector& ?

(a) positive andpositive

43



(b) positive andnegative
(c) negative andpositive
(d) negative andnegative

109.In which directionis the directionalderivative of z =
x2 + y2 at the point (2,3)mostpositive?

(a) î
(b) � î � ĵ
(c) � î + ĵ
(d) î + ĵ

110.Which of thevectorsshownonthecontour diagramof
f (x; y) in the �gure below couldbe r f at the point
at which the tail is attached?

(a) A
(b) B
(c) C
(d) D
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111.At which of the points P, Q,R, S in the �gure below
doesthe gradient have the largestmagnitude?

(a) P
(b) Q
(c) R
(d) S

112.Thesurfaceof a hill ismodeledby z = 25� 2x2� 4y2.
When a hiker reachesthe point (1, 1, 19), it begins
to rain. Shedecidesto descendthe hill by the most
rapid way. Which of the following vectorspoints in
the directionin which shestartsherdescent?

(a) � 4xî � 8yĵ
(b) 4xî + 8yĵ
(c) � 4̂i � 8̂j
(d) 4̂i + 8̂j
(e) Noneof the above
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113.At which point will thegradient vectorhavethelargest
magnitude?

(a) (0,2)

(b) (-4,-4)

(c) (0,0)

(d) (6,-2)

114.At which point will the gradient vectorbe mostpar-
allel to ĵ ?
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(a) (0,4)

(b) (-4,-4)

(c) (0,0)

(d) (6,-2)

115.r f (1; 1) = 3̂i � 5̂j . What is thesignof thedirectional
derivative of f in the direction~v = 4̂i + 2̂j ?

(a) Positive

(b) Negative

116.Supposethat the temperatureat a point (x; y) onthe

o orofaroomisgivenby T(x; y). Supposeheatisbe-
ing radiatedout froma hot spot at the origin. Which
of the followingcouldbe r T(a;b), wherea;b > 0?
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(a) 2̂i + 2̂j
(b) � 2̂i � 2̂j
(c) � 2̂i + 2̂j
(d) 2̂i � 2̂j

14.5 Gradien ts and Directional Deriv ativ es in Space

117.Supposethetemperatureat apoint (x; y; z) in aroom
is givenby T(x; y; z). Supposeheatis beingradiated
out fromahot spot at theorigin. Which of thefollow-
ing couldber T(a;b;c) wherea;b;c areall positive?

(a) 2̂i + 2̂j � 4k̂

(b) � 3̂i � 3̂j � 5k̂

(c) � 2̂i + 2̂j + 5k̂

(d) 3̂i + 3̂j + 5k̂

118.Let f (x; y; z) = x2 + y2 + z2. Which statement best
describesthevectorr f (x; y; z)? It is alwaysperpen-
dicularto:

(a) verticalcylinderpassingthrough(x; y; z).
(b) a horizontal planepassingthrough(x; y; z).
(c) a spherecentered on the origin passingthrough

(x; y; z).
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(d) Noneof the above

119.For f (x; y; z), supposer f (a;b;c) � î > r f (a;b;c) �
ĵ > r f (a;b;c) � k̂ > 0. The tangent planeto the
surfacef (x; y; z) = 0 through the point (a;b;c) is
givenby z = p+ mx + ny. Which of the following is
correct?

(a) m > n > 0

(b) n > m > 0

(c) m < n < 0

(d) n < m < 0

120.The function f (x; y) hasgradient r f at the point
(a;b). The vector r f is perpendicularto the level
curve f (x; y) = f (a;b).

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

121.The function f (x; y) hasgradient r f at the point
(a;b). The vectorr f is perpendicularto the surface
z = f (x; y) at the point (a;b;f (a;b)).
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(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

122.The function f (x; y) hasgradient r f at the point
(a;b). The vectorf x(a;b)î + f y(a;b)ĵ + k̂ is perpen-
dicularto the surfacez = f (x; y).

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

14.6 The Chain Rule

123.A company sellsregularwidgetsfor $4 apieceand
premiumwidgetsfor $6 apiece. If the demandfor
regularwidgetsis growing at a rate of 200widgets
per year, while the demandfor premiumwidgetsis
droppingat the rate of 80 per year, the company's
revenuefrom widgetsalesis:

(a) staying constant
(b) increasing
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(c) decreasing

124.SupposeR = R(u; v; w), u = u(x; y; z), v = v(x; y; z),
w = w(x; y; z). In the chain rule, how many terms
will you have to addup to �nd the partial derivative
of R with respect to x?

(a) 1

(b) 2

(c) 3

(d) 4

(e) 5

125.Let z = z(u; v) andu = u(x; y; t); v = v(x; y; t) and
x = x(t); y = y(t). Thenthe expressionfor dz

dt has

(a) Threeterms

(b) Four terms

(c) Six terms

(d) Seventerms

(e) Nineterms

(f) Noneof the above
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126.The �gures below show contoursof z = z(x; y), x as
a function of t, and y as a function of t. Decideif
dz
dt

�
�
t=2 is

(a) Positive

(b) Negative

(c) Approximatelyzero

(d) Can't tell without further information

127.Let s = f (x; y; z) andx = x(u; v;w); y = y(u; v;w);
z = z(u; v;w). To calculate@s

@u(u = 1; v = 2; w = 3),
which of the following piecesof informationdo you
not need?

I f (1; 2; 3) = 5

I I f (7; 8; 9) = 6

I I I x(1; 2; 3) = 7

IV y(1; 2; 3) = 8

V z(1; 2; 3) = 9

VI f x(1; 2; 3) = 20
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VI I f x(7; 8; 9) = 30

VI I I xu(1; 2; 3) = � 5

IX xu(7; 8; 9) = � 7

(a) III, IV, VII, VIII

(b) I, IV, VI, VII

(c) II, V, VI, IX

(d) I, II, VI, IX

14.7 Second-Order Partial Deriv ativ es

128.At the point (4,0),what is true of the secondpartial
derivativesof f (x; y)?

(a) f xx > 0 andf yy > 0

(b) f xx < 0 andf yy < 0
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(c) f xx > 0 andf yy = 0

(d) f xx < 0 andf yy = 0

129.At the point (4,0),what is true of the secondpartial
derivativesof f (x; y)?

(a) f xy > 0

(b) f xy < 0

(c) f xy = 0

130.The �gure below showslevel curvesof f (x; y). What
arethe signsof f xx (P) andf yy(P)?
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(a) f xx (P) > 0; f yy(P) � 0
(b) f xx (P) > 0; f yy(P) < 0
(c) f xx (P) � 0; f yy(P) � 0
(d) f xx (P) < 0; f yy(P) > 0

131.The �gure below showslevel curvesof f (x; y). What
arethe signsof f xx (Q) andf yy(Q)?

(a) f xx (Q) > 0; f yy(Q) < 0
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(b) f xx (Q) < 0; f yy(Q) < 0
(c) f xx (Q) � 0; f yy(Q) � 0
(d) f xx (Q) < 0; f yy(Q) � 0

132.The�gure below showsthesurfacez = f (x; y). What
arethe signsof f xx (A) andf yy(A)?

(a) f xx (A) > 0; f yy(A) < 0
(b) f xx (A) < 0; f yy(A) < 0
(c) f xx (A) � 0; f yy(A) � 0
(d) f xx (A) < 0; f yy(A) � 0

133.The�gure below showsthesurfacez = f (x; y). What
arethe signsof f xx (P) andf yy(P)?
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(a) f xx (P) > 0; f yy(P) � 0
(b) f xx (P) > 0; f yy(P) < 0
(c) f xx (P) � 0; f yy(P) � 0
(d) f xx (P) < 0; f yy(P) > 0

134.The �gure below shows the temperatureT � C as a
functionofdistancex in metersalongawall andtimet
in minutes.Choosethecorrectstatement andexplain
your choicewithout computingthesepartial deriva-
tives.

(a) @T
@t (t; 10)< 0 and @2T

@t2 (t; 10)< 0.

(b) @T
@t (t; 10)> 0 and @2T

@t2 (t; 10)> 0.

(c) @T
@t (t; 10)> 0 and @2T

@t2 (t; 10)< 0.

(d) @T
@t (t; 10)< 0 and @2T

@t2 (t; 10)> 0.

135.The quadraticTaylor Polynomials(A)-(D) each ap-
proximatea functionof two variablesnearthe origin.
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Figures(I)-(IV) arecontours nearthe origin. Match
(A)-(D) to (I)-(IV).

A � x2 + y2

B x2 � y2

C � x2 � y2

D x2 + y2

(a) A - I, B - III, C - II, D - IV
(b) A - II, B - IV, C - I, D - III
(c) A - IV, B - II, C - III, D - I
(d) A - III, B - I, C - IV, D - II
(e) A - II, B - IV, C - III, D - I
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136.In the contour plot below darkshadesrepresent small
valuesof the functionandlight shadesrepresent large
valuesof the function. What is the signof the mixed
partial derivative?

(a) f xy > 0

(b) f xy < 0

(c) f xy � 0

(d) This cannotbe determinedfrom the �gure.

137.In the contour plot below darkshadesrepresent small
valuesof the functionandlight shadesrepresent large
valuesof the function. What is the signof the mixed
partial derivative?
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(a) f xy > 0
(b) f xy < 0
(c) f xy � 0
(d) This cannotbe determinedfrom the �gure.

15.1 Lo cal Extrema

138.Which of thesefunctionshasa critical point at the
origin?

(a) f (x; y) = x2 + 2y3

(b) f (x; y) = x2y + 4xy + 4y
(c) f (x; y) = x2y3 � x4 + 2y
(d) f (x; y) = x cosy
(e) All of the above
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139.Trueor False?Thefunctionf (x; y) = x2y+ 4xy + 4y
hasa localmaximum at the origin.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

140.Which ofthesefunctionsdoesnothaveacriticalpoint?

(a) f (x; y) = x2 + 2y3

(b) f (x; y) = x2y + 4xy + 4y
(c) f (x; y) = x2y3 � x4 + 2y
(d) f (x; y) = x cosy
(e) All have critical points

141.Which of thesefunctionshasa critical point at the
origin?

(a) f (x; y) = x2 + 2x + 2y3 � y2

(b) f (x; y) = x2y + xy
(c) f (x; y) = x2y2 � (1=2)x4 + 2y
(d) f (x; y) = x4y � 7y

142.How wouldyou classifythe functionf (x; y) = x2y +
xy at the origin?
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(a) This is a localmaximum.

(b) This is a localminimum.

(c) This is a saddlepoint.

(d) We cannottell.

(e) This is not a critical point.

143.Which of thesefunctionsdoesnot haveacriticalpoint
with y = 0?

(a) f (x; y) = x2 + 2x + 2y3 � y2

(b) f (x; y) = x2y + xy

(c) f (x; y) = x2y2 � (1=2)x4 + 2y

(d) f (x; y) = x4y � 7y

144.Which of thesefunctionsdoesnot haveacriticalpoint
with x = � 1?

(a) f (x; y) = x2 + 2x + 2y3 � y2

(b) f (x; y) = x2y + xy

(c) f (x; y) = x2y2 � (1=2)x4 + 2y

(d) f (x; y) = x4y � 7y

145.Which of the followingpoints arecritical points?
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(a) A andC

(b) A, C, andD

(c) A, B, andC

(d) A, B, C, andD

146.Which of the following guaranteesa saddlepoint of
the functionf (x; y) at (a;b)?

(a) f xx andf yy have the samesignat (a;b).

(b) f xx andf yy have oppositesignsat (a;b).

(c) f xy is negative at (a;b).

(d) noneof the above
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15.2 Optimization

147.Estimatethe globalmaximum and minimum of the
functionswhoselevel curvesare given below. How
many timesdoeseach occur?

(a) Max � 6, occurringonce;min � � 6, occurring
once

(b) Max � 6, occurringonce;min � � 6, occurring
twice

(c) Max � 6, occurringtwice;min � � 6, occurring
twice

(d) Max � 6, occurringthree times; min � � 6, oc-
curringthreetimes
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(e) Noneof the above

148.What arethe globalmaximum and minimum values
of f (x; y) = x2 + y2 on the triangular regionin the
�rst quadrant boundedby x + y = 2, x = 0, y = 0?

(a) Maximum = 2, Minimum = -2
(b) Maximum = 2, Minimum = 0
(c) Maximum = 4, Minimum = 2
(d) Maximum = 4, Minimum = 0

149.The functionf (x; y) = x3 + 12xy + y4 has:

(a) no globalmaxesor mins
(b) a globalmax,but no globalmin
(c) a globalmin, but no globalmax
(d) both a globalmin anda globalmax

150.Which of the following would be enoughevidenceto
concludethat a smooth functionf (x; y) hasa global
min?

(a) D is alwayspositive
(b) f xx > 0 andf yy > 0
(c) f (x; y) hasno saddlepoints or localmaxes
(d) noneof the above
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15.3 Constrained Optimization: Lagrange Multipli-
ers

151.Find the maximum andminimum valuesof f on g =
c.

(a) max= 5, min = 0

(b) max= 4, min = 0

(c) max= 3, min = 2

(d) max= 4, min = 2

152.Find the maximum andminimum valuesof f on the
trapezoidalregionbelow g = c in the �rst quadrant.
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(a) max= 5, min = 0
(b) max= 5, min = 2
(c) max= 4, min = 1
(d) max= 4, min = 0
(e) max= 3, min = 2
(f) max= 3, min = 0
(g) max= 4, min = 2
(h) max= 5, min = 2
(i) max= 2, min = 0

153.Find themaximumoftheproductionfunctionf (x; y) =
xy in the �rst quadrant subject to each of the three
budgetconstraints. Arrangethe x coordinatesof the
optimalpoint in increasingorder.

I x + y = 12
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I I 2x + 57y = 12
I I I 3x + y=2 = 12

(a) I < I I ; < I I I
(b) I I I < I I < I
(c) I I < I I I < I
(d) I I < I < I I I
(e) I I I < I < I I

154.This contour plot of f (x; y) alsoshows the circleof
radius 2 centered at (0,0). If you are restrictedto
beingon the circle,how many local maxesand mins
doesf (x; y) have?

(a) 1
(b) 2
(c) 3
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(d) 4

155.This plot shows the gradient vectorsfor a (hidden)
functionf (x; y) anda linearconstraint. Which point
is closestto the global min of f (x; y) on this con-
straint?

(a) A

(b) B

(c) C

(d) D

156.How many local maxsand mins does the function
f (x; y; z) = ax + by + cz have on the spherex2 +
y2 + z2 = 1?

(a) 1
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(b) 2
(c) 3
(d) 4
(e) None

157.How many pointswill producelocalmax/minoff (x; y) =
x2 � y2 over the regionx2 + y2 � r 2?

(a) 1
(b) 2
(c) 3
(d) 4

158.The �gure below shows the optimal point (marked
with a dot) in threeoptimizationproblemswith the
sameconstraint. Arrangethe correspondingvaluesof
� in increasingorder. (Assume� is positive.)

(a) I < I I < I I I
(b) I I < I I I < I
(c) I I I < I I < I
(d) I < I I I < I I
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159.Minimizex2 + y2 subject to x2y2 = 4

(a) 1
(b) 2
(c) 2

p
2

(d) 4
(e) 8
(f) 16

160.Maximizex2y2 subject to x2 + y2 = 4.

(a) 1
(b) 2
(c) 2

p
2

(d) 4
(e) 8
(f) 16

161.Maximizex2y2 subject to x + y = 4 with x; y � 0.

(a) 1
(b) 2
(c) 2

p
2

(d) 4
(e) 8
(f) 16
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16.1 The De�nite In tegral of a Function of Tw o Vari-
ables

162.Supposethe contour plot shown shows the height of
a pile of dirt in feet. Which of the following is clearly
a lower boundfor the volumeof dirt?

(a) 0*1+0*1+6*1+6*1

(b) 9*1+9*1+9*1+9*1

(c) 9

(d) 6*1+6*1+9*1+9*1

163.Let R be the region10 � x � 14 ; 20 � y � 30.
The tablebelow givesvaluesof f (x; y). Usingupper
and lower Riemannsums,what arethe bestpossible
upper andlower estimatesfor the integral
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I =
Z

R
f (x; y)dxdy

(a) 23< I < 990

(b) 92< I < 300

(c) 160< I < 396

(d) 160< I < 300

(e) 92< I < 396

164.Let R be the squarede�ned by � 1 � x � 1, � 1 �
y � 1. The signof the de�nite integralof x4 over R
is:

(a) positive

(b) negative

(c) zero

(d) cannotbe determined

165.Thevalueof (1=� ) timesthe integralof 1+ x over the
unit circleR is:

(a) 0
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(b) 1

(c) �

(d) � =2

166.The integral
R

R x dA over the regionwhereR is the
rectangle� 1 � x � 1, � 1 � y � 1 is

(a) positive

(b) negative

(c) zero

167.The integral
R

T ydA over the regionwhereT is the
rectangle� 1 � x � 1, 0 � y � 1 is

(a) positive

(b) negative

(c) zero

168.The integral
R

R(x � x2)dA over the regionwhereR
is the rectangle� 1 � x � 1, � 1 � y � 1 is

(a) positive

(b) negative

(c) zero
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169.The integral
R

T(y � y2)dA over the regionwhereT is
the rectangle� 1 � x � 1, 0 � y � 1 is

(a) positive
(b) negative
(c) zero

170.The integral
R

L (x2 � x)dA over the regionwhereL is
the rectangle� 1 � x � 0, � 1 � y � 1 is

(a) positive
(b) negative
(c) zero

171.The integral
R

L (y + y3)dA over the regionwhereL is
the rectangle� 1 � x � 0, � 1 � y � 1 is

(a) positive
(b) negative
(c) zero

172.The integral
R

R(2x + 3y)dA over the regionwhereR
is the rectangle� 1 � x � 1, � 1 � y � 1 is

(a) positive
(b) negative
(c) zero
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16.2 Iterated In tegrals

173.The integral
R1

0

R1
0 x2dxdy represents the

(a) Area underthe curve y = x2 betweenx = 0 and
x = 1.

(b) Volumeunderthesurfacez = x2 abovethe square
0 � x; y � 1 on the xy-plane.

(c) Area under the curve y = x2 above the square
0 � x; y � 1 on the xy-plane.

174.The integral
R1

0

R1
x dydx represents the

(a) Areaof a triangularregionin the xy-plane.
(b) Volumeunderthe planez = 1 above a triangular

regionof the plane.
(c) Areaof a squarein the xy-plane.

175.Let f (x; y) bea positivefunction.Rankthe following
integralsfrom smallestto largest.

I 1 =
Z 1

0

Z 1

x2
f (x; y)dydx I 2 =

Z 1

0

Z 1

x3
f (x; y)dydx I 3 =

Z 1

0

Z 1

0
f (x; y)dydx

(a) I 1 < I 2 < I 3

(b) I 1 < I 3 < I 2
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(c) I 2 < I 1 < I 3

(d) I 2 < I 3 < I 1

(e) I 3 < I 2 < I 1

(f) I 3 < I 1 < I 2

176.
R1

0

R2� 2x
0 f (x; y)dydx isanintegraloverwhich region?

(a) The trianglewith vertices(0,0),(2,0),(0,1).

(b) The trianglewith vertices(0,0),(0,2),(1,0).

(c) The trianglewith vertices(0,0),(2,0),(2,1).

(d) The trianglewith vertices(0,0),(1,0),(1,2).

177.
R1

0

R2
2y f (x; y)dxdy is an integralover which region?

(a) The trianglewith vertices(0,0),(2,0),(0,1).

(b) The trianglewith vertices(0,0),(0,2),(1,0).

(c) The trianglewith vertices(0,0),(2,0),(2,1).

(d) The trianglewith vertices(0,0),(1,0),(1,2).

178.Which of the followingintegralshasthe proper limits
to integratethe shadedregionbelow?
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(a)
R1

� 1

R� 2x� 1
� 3 f (x; y)dydx

(b)
R1

� 3

R1
� 1

2y� 1
2
f (x; y)dxdy

(c)
R1

� 1

R1
� 1

2x� 1 f (x; y)dydx

(d)
R1

� 3

R� 1
2y� 1

2
� 1 f (x; y)dxdy

(e) Noneof the above

179.Which ofthefollowingintegralsisequalto
R3

0

R4x
0 f (x; y)dydx?

(a)
R4x

0

R3
0 f (x; y)dxdy

(b)
R12

0

R3
y=4 f (x; y)dxdy

(c)
R12

0

Ry=4
3 f (x; y)dxdy

(d)
R12

0

Ry=4
0 f (x; y)dxdy

(e)
R3

0

R4x
0 f (x; y)dxdy

180.Theregionofintegrationin theintegral
R2

0

R2x
0 f (x; y)dydx

is a
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(a) rectangle

(b) trianglewith width 2 andheight 4

(c) trianglewith width 4 andheight 2

(d) noneof the above

181.The valueof
Rr

� r

Rp
r 2� x2

�
p

r 2� x2 xdydx is

(a) � r

(b) � =2

(c) � r 2

(d) 0

16.3 Triple In tegrals

182.Which of the followingis themassof thesolidde�ned
by 0 � x � 2, 0 � y � 3, and 0 � z � 4 with
density function� (x; y; z) = x + y?

(a)
R2

0

R4
0

R3
0 1dydzdx

(b)
R2

0

R4
0

R3
0 (x + y)dydxdz

(c)
R2

0

R4
0

R3
0 (x + y)dxdzdy

(d)
R2

0

R4
0

R3
0 (x + y)dydzdx
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183.Theregionofintegrationfor theintegral
Rr

� r

Rp
r 2� x2

�
p

r 2� x2

R10
0 f (x; y; z)dzdydx

is a

(a) sphere
(b) cylinder
(c) cone
(d) noneof the above

184.What doesthe integral
R1

0

R1
0

R1
0 z dzdydx represent?

(a) The volumeof a cube of side1
(b) The volumeof a sphereof radius1
(c) The areaof a squareof side1
(d) Noneof the above

185.Which ofthefollowingintegralsisequalto
R3

0

R2
0

Ry
0 f (x; y; z)dzdydx?

(a)
R2

0

R3
0

Ry
0 f (x; y; z)dzdxdy

(b)
R2

0

R3
0

Ry
0 f (x; y; z)dzdydx

(c)
R3

0

R2
0

Ry
0 f (x; y; z)dxdydz

(d)
R3

0

R2
0

Rz
0 f (x; y; z)dydzdx

186.
R1

� 1

Rp
1� x2

�
p

1� x2

Rp
1� x2� y2

�
p

1� x2� y2
(x2+y2+z2)dzdydx describes

the massof
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(a) a conethat getsheavier toward the outside.
(b) a conethat getslighter toward the outside.
(c) a ball that getsheavier toward the outside.
(d) a ball that getslighter toward the outside.

187.Which of the followingintegralsdoesnot makesense?

(a)
R3

1

R2
y� 1

Ry
0 f (x; y; z)dzdxdy

(b)
R3

1

Ry
0

Ry� 1
2 f (x; y; z)dxdydz

(c)
R1

� 1

Rp
1� x2

�
p

1� x2

Rp
1� x2� y2

0 f (x; y; z)dzdydx

(d)
R1

� 1

Rp
1� y2

�
p

1� y2

Rp
1� x2� y2

0 f (x; y; z)dzdxdy

16.4 Double In tegrals in Polar Coordinates

188.A point is at coordinates(r; � ) = (1; � ). What are
the rectangularcoordinatesof this point?

(a) (x; y) = (1; 0)
(b) (x; y) = (0; 1)
(c) (x; y) = (� 1; 0)
(d) (x; y) = (0; � 1)
(e) Morethan oneof the above
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189.A point is at coordinates(x; y) = (0; � 1). What are
the polar coordinatesof this point?

(a) (r; � ) = (1; 3�
4 )

(b) (r; � ) = (1; 3�
2 )

(c) (r; � ) = (1; � � )

(d) (r; � ) = (1; � �
2)

(e) Morethan oneof the above

190.Which of the followingregionsresemblesa quarterof
a doughnut?

(a) 0 � r � 5, 0 � � � � =2

(b) 3 � r � 5, 0 � � � 2�

(c) 3 � r � 5, � � � � 2�

(d) 3 � r � 5, � � � � 3� =2

191.Which ofthefollowingintegralsisequivalent to
R3

0

R2�
� r d� dr?

(a)
R3

0

R0
�

p
9� x2 1dydx

(b)
R3

� 3

Rp
9� x2

0 1dydx

(c)
R3

� 3

Rp
9� y2

0 1dxdy

(d)
R0

� 3

Rp
9� y2

�
p

9� y2
1dxdy
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192.What geometricshapeisdescribeby theequationr =
� ?

(a) line
(b) circle
(c) spiral
(d) noneof the above

193.What geometricshapeisdescribeby theequationr =
4?

(a) line
(b) circle
(c) spiral
(d) noneof the above

194.What geometricshapeisdescribeby theequation� =
4?

(a) line
(b) circle
(c) spiral
(d) noneof the above

195.What geometricshapeisdescribeby theequationr =
sin� ?
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(a) line
(b) circle
(c) spiral
(d) noneof the above

196.What geometricshapeisdescribeby theequationr =
1=sin� ?

(a) line
(b) circle
(c) spiral
(d) noneof the above

197.Which of the followingdescribesthe upperhalf of the
xy-plane?

(a) 0 � r � 2, 0 � � � 2�
(b) 0 � r � 1 , 0 � � � �
(c) 0 � r � � , 0 � � � �
(d) 2 � r � 4, � � � � 3� =2

198.Which integralgivesthe areaof the unit circle?

(a)
R1

� 1

Rp
1� x2

�
p

1� x2 xdydx

(b)
R2�

0

R1
0 r drd�
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(c)
R2�

0

R1
0 drd�

(d)
R1

0

R2�
0 d� dr

16.5 In tegrals in Cylindrical and Spherical Coordi-
nates

199.What arethe Cartesiancoordinatesof the point with
cylindricalcoordinates(r; � ; z) = (4; � ; 6)?

(a) (x; y; z) = (0; � 4; 4)

(b) (x; y; z) = (0; 4; 6)

(c) (x; y; z) = (� 4; 4; 4)

(d) (x; y; z) = (4; 0; 4)

(e) (x; y; z) = (� 4; 0; 6)

200.What arethecylindricalcoordinatesof thepoint with
Cartesiancoordinates(x; y; z) = (3; 3; 7)?

(a) (r; � ; z) = (3; � ; 7)

(b) (r; � ; z) = (3; � =4; 3)

(c) (r; � ; z) = (3
p

2; � =4; 7)

(d) (r; � ; z) = (3
p

2; � ; 7)

(e) (r; � ; z) = (3
p

2; � ; 3)
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201.What arethe Cartesiancoordinatesof the point with
sphericalcoordinates(�; �; � ) = (4; � ; 0)?

(a) (x; y; z) = (0; 0; � 4)

(b) (x; y; z) = (0; 0; 4)

(c) (x; y; z) = (4; 0; 0)

(d) (x; y; z) = (� 4; 0; 0)

(e) (x; y; z) = (0; 4; 0)

202.What arethe sphericalcoordinatesof the point with
Cartesiancoordinates(x; y; z) = (0; � 3; 0)?

(a) (�; �; � ) = (3; � ; �
2)

(b) (�; �; � ) = (3; � ; � �
2)

(c) (�; �; � ) = (3; �
2; �

2)

(d) (�; �; � ) = (3; �
2; � �

2)

(e) (�; �; � ) = (3; �
2; � )

203.Which of the followingregionsrepresents the portion
of a cylinderof height 4 and radius3 above the 3rd
quadrant of the xy plane?

(a) 1 � r � 3, 0 � z � 4, 0 � � � � =2

(b) 0 � r � 3, 0 � z � 4, � � � � 3� =2

(c) 0 � r � 4, 0 � z � 3, � � � � 3� =2
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(d) 0 � r � 3, 0 � z � 4, 0 � � � � =2

204.Which of the following is equivalent to

Z 5

� 5

Z 3

0

Z p
25� x2

�
p

25� x2
x dydzdx

(a)
R3

0

R3
0

R�
0 r 2 cos� d� dzdr

(b)
R5

0

R3
0

R�
0 r 2 cos� d� dzdr

(c)
R3

0

R5
0

R2�
0 r cos� d� dzdr

(d)
R5

0

R3
0

R2�
0 r 2 cos� d� dzdr

205.Which of the followingdescribesthe bottom half of a
sphereof radius4 centeredon the origin?

(a) 0 � � � 4, � =2 � � � � , 0 � � � 2�

(b) 0 � � � 4, 0 � � � � =2, 0 � � � 2�

(c) 0 � � � 4, 0 � � � � , 0 � � � �

(d) 0 � � � 4, 0 � � � � , 0 � � � 2�

206.Which of the following describes the surfaceof the
cylinderof radius3 centeredon the z-axis?

(a) 0 � � < 1 , � = � , 0 � � � �

(b) r = 3, � = �
2, �1 < z < 1
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(c) 1 � r � 4, 0 � � � 2� , � 5 � z � 2
(d) r = 3, 0 � � � 2� , �1 < z < 1

207.Which of the following describes the solid cylinder
of radius4, centeredon the z-axis,with the central
cylindricalcoreremoved?

(a) 0 � � < 1 , � = � , 0 � � � �
(b) r = 3, � = �

2, �1 < z < 1
(c) 1 � r � 4, 0 � � � 2� , � 5 � z � 2
(d) r = 3, 0 � � � 2� , �1 < z < 1

208.Which of the following integralsgive the volumeof
the unit sphere?

(a)
R2�

0

R2�
0

R1
0 d�d� d�

(b)
R�

0

R2�
0

R1
0 d�d� d�

(c)
R�

0

R2�
0

R1
0 � 2 sin�d�d� d�

(d)
R�

0

R2�
0

R1
0 � 2 sin�d�d�d�

(e)
R�

0

R2�
0

R1
0 �d�d�d�

17.1 Parameterized Curv es

209.Which of the followingisanequationof a linein three
dimensions(x; y; z)?
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(a) x = 4

(b) y = 2x + 3

(c) z = 3x + 2y + 7

(d) All of the above

(e) Noneof the above

210.Which of the following best describesthe path of a
particle de�ned by the parametricequationsx(t) =
cos(t2), y(t) = sin(t2)?

(a) a circlearoundwhich theparticlemovesfasterand
faster

(b) aparabolaonwhich theparticletravelsat constant
speed

(c) a parabolaonwhich the particletravelsfasterand
faster

(d) a circle on which the particle moves slower and
slower

211.Which of the following is not a parameterizationof
the entire curve y = x3?

(a) x(t) = t; y(t) = t3

(b) x(t) = t2; y(t) = t6

(c) x(t) = t3; y(t) = t9
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(d) x(t) = 2t; y(t) = 8t3

212.Whatdoesthepathoftheparticledescribedby x(t) =
cos(t), y(t) = sin(t), z(t) = � t look like?

(a) a circlein the xz plane

(b) a helix on which the particleis travelingup

(c) a helix on which the particleis travelingdown

(d) a sinewave in the xz plane

213.Which of thefollowingparameterizationsdoesnot de-
scribe the quartercirclein the �gure below?

(a) (cost; sint); 0 � t � � =2

(b) (sint; cost); 0 � t � � =2

(c) (� cost; sint); � =2 � t � �

(d) (cost; � sint); 3� =2 � t � 2�
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214.Let (cosat; sinat) be the positionat time t seconds
of a particlemoving arounda circle,wherea > 0. If
a is increased,

(a) The radiusof the circleincreases.
(b) The speedof the particleincreases.
(c) The center of the circlechanges.
(d) The path ceasesto be a circle.

215.Let (acost; asint) be the positionat time t seconds
of a particlemoving arounda circle,wherea > 0. If
a is increased,

(a) The radiusof the circleincreases.
(b) The speedof the particleincreases.
(c) The center of the circlechanges.
(d) The path ceasesto be a circle.

216.Which of the following parametriccurves does not
traceout the unit circle?

(a) (cost; sint); 0 � t � 2�
(b) (sin2 t; cos2 t); 0 � t � 2�
(c) (sin(t2); cos(t2)); 0 � t � 2�
(d) (sin(2t); cos(2t)); 0 � t � 2�
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217.Which of the followingparametricpathsdescribepar-
ticles that are not traveling alonga straight line in
3-space?

(a) (1 � t; 2+ 2t; 3 � t)

(b) (1 � t2; 2+ 2t2; 3 � t2)

(c) (1; 2; 1 � t)

(d) (1; t; 1 � t2)

(e) Morethan oneof the above

218.The valueof c for which the linesl(t) = (c + 4t; 2 �
t; 3+ t) andm(t) = (4t; 1 � 8t; 4+ 4t) intersectis

(a) 4

(b) 0

(c) -4

(d) Thereis no such c.

17.2 Motion, Velocit y, and Acceleration

219.A lighthouseat positionL is in the middleof a lake.
Its beamis turning counterclockwisewith constant
angularvelocity. At which point is thevelocity vector
of the beamlargest?
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(a) A

(b) B

(c) C

(d) D

220.A lighthouseat positionL is in the middleof a lake.
Its beamis turning counterclockwisewith constant
angularvelocity. At which point is thevelocity vector
of the beammostparallelto ĵ ?
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(a) A

(b) B

(c) C

(d) D

221.A lighthouseat positionL is in the middleof a lake.
Its beamis turning counterclockwisewith constant
angularvelocity. At which point is the acceleration
vectorof the beammostparallelto ĵ ?
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(a) A

(b) B

(c) C

(d) D

222.Which of the followingdescribesthe motionof a par-
ticle that is moving alonga straight line andslowing
down?

(a) ~a and~v areparallelandpoint in thesamedirection.

(b) ~a and ~v are paralleland point in oppositedirec-
tions.

(c) ~a and~v areperpendicular.

95



(d) Noneof the above.

223.True or False: If the speedof a particle is zero,its
velocity must be zero.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

224.A particlethat is not acceleratingmust have zerove-
locity.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

225.A particlewith constant speedmust have zeroaccel-
eration.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent
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226.A particlewith zeroaccelerationmust have constant
speed.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

227.A particle with constant speedmust have constant
velocity.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

228.The functionsx(t) andy(t) describe the coordinates
of a jeepin milesasit drivesaroundthe desertfrom
noon(t = 0 hrs)until 2 pm(t = 2 hrs),whenthe jeep
returnsto its starting location. We want to usethese
functionsto predicthow many mileswill be recorded
on the odometerduring this interval by doingan in-
tegralof somefunction

R2
0 f (t) dt. What units must

the functionf (t) have?

(a) miles
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(b) miles/hr

(c) miles/hr2

(d) miles2/hr 2

(e) Noneof the above

229.The functionsx(t) andy(t) describe the coordinates
of a jeepin milesasit drivesaroundthe desertfrom
noon(t = 0 hrs)until 2 pm(t = 2 hrs),whenthe jeep
returnsto its startinglocation.Which of thefollowing
must be true?

(a)
R2

0 x(t) dt = 0

(b)
R2

0 x0(t) dt = 0

(c)
R2

0 x00(t) dt = 0

(d) Morethan oneof the above

(e) Noneof the above

230.The functionsx(t) = 2sin� t andy(t) = 2cos� t de-
scribe the coordinatesof a jeepin milesas it drives
aroundthe desertfrom noon (t = 0 hrs) until 2 pm
(t = 2 hrs),whenthe jeepreturnsto its startingloca-
tion. Accordingto the jeep'sodometer,how far will
it have traveled?

(a) 4 miles
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(b) 2� miles

(c) 4� miles

(d) 8� 2 miles

(e) Noneof the above

17.3 Vector Fields

231.Which of the following could be a formula for the
vector�eld pictured?

(a) ~F (x; y) = xî

(b) ~F (x; y) = yî

(c) ~F (x; y) = xĵ

(d) ~F (x; y) = yĵ
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232.Which of the followingformulaswill producea vector
�eld whereall vectorspoint away fromthe y axisand
all vectorson a vertical line have the samelength?

(a) ~F (x; y) = x 3̂i

(b) ~F (x; y) = x 2̂i

(c) ~F (x; y) = x3ĵ

(d) ~F (x; y) = x2ĵ

233.Which of the following vector�elds cannotbe a gra-
dient vector�eld?

(a) the oneon the left

(b) the onein the middle

(c) the oneon the right

234.Which formula below couldproducethe graphof the
vector�eld:
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(a) f (x)î

(b) g(x)ĵ

(c) h(y)î

(d) k(y)ĵ

235.Which formula below couldproducethe graphof the
vector�eld:

(a) f (x)î + f (x)ĵ

(b) g(x)î � g(x)ĵ
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(c) h(y)î + h(y)ĵ
(d) k(y)î � k(y)ĵ

236.Match the vector�elds with the appropriategraphs.

1 ~F1 = ~r
jj~r jj

2 ~F2 = ~r
3 ~F3 = yî � xĵ
4 ~F4 = xĵ

(a) 1 andIII, 2 andI, 3 andIV, 4 andII
(b) 1 andIV, 2 andI, 3 andII, 4 andIII
(c) 1 andII, 2 andI, 3 andIV, 4 andIII
(d) 1 andII, 2 andIV, 3 andI, 4 andIII
(e) 1 andI, 2 andII, 3 andIV, 4 andIII
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237.The �gure showsthe vector�eld ~F = r f . Which of
the followingarepossiblechoicesfor f (x; y)?

(a) x2

(b) � x2

(c) � 2x
(d) � y2

238.Rankthe lengthof the gradient vectorsat the points
markedon the contour plot below.

(a) 7 > 5 > 3 > 1
(b) 1 > 3 > 5 > 7
(c) 7 > 1 > 3 > 5
(d) 3 > 1 > 7 > 5
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17.4 The Flo w of a Vector Field

239.The 
ow linesfor the vector�eld picturedwill be:

(a) straight lines

(b) circles

(c) ellipses

(d) parabolas

240.The functionthat describesthe distanceof a particle
from the x-axisasit followsa 
ow line is:
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(a) linear
(b) exponential
(c) sinusoidal
(d) logarithmic

241.Which parameterizedcurve is not a 
ow line of the
vector�eld ~F = xî + yĵ ?

(a) ~r (t) = et î + et ĵ
(b) ~r (t) = et î + 2et ĵ
(c) ~r (t) = 3et î + 3et ĵ
(d) ~r (t) = 2et î + e2t ĵ

242.Which parameterizedcurvesarenot 
ow linesof the
vector�eld ~F = � yî + xĵ .

(a) ~r (t) = cost î + sint ĵ
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(b) ~r (t) = cost î � sint ĵ

(c) ~r (t) = sint î � cost ĵ

(d) ~r (t) = 2cost î + 2sint ĵ

243.The path x = t, y = et is a 
ow line of which vector
�eld?

(a) î + yĵ

(b) î + x2ĵ

(c) xî + xĵ

(d) yî + ĵ

244.An object 
owing in the vector�eld ~F = yî + xĵ is
at the point (1; 2) at time t = 5:00. Estimatethe
approximatepositionof the object at time t = 5:01.

(a) (1:02; 2)

(b) (1:02; 2:01)

(c) (1:01; 2)

(d) (1:01; 2:02)

245.Two di�erent curvescan be 
ow lines for the same
vector�eld.

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

246.If oneparameterizationof a curve is a 
ow line for
a vector �eld, then all its parameterizationsare 
ow
linesfor the vector�eld.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

247.If ~r (t) is a 
ow line for a vector�eld ~F , then~r1(t) =
~r (t � 5) is a 
ow line of the samevector�eld ~F .

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

248.If ~r (t) is a 
ow line for a vector�eld ~F , then~r1(t) =
~r (2t) is a 
ow line of the vector�eld 2~F .

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

249.If ~r (t) is a 
ow line for a vector�eld ~F , then~r1(t) =
2~r (t) is a 
ow line of the vector�eld 2~F .

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

18.1 The Idea of a Line In tegral

250.SupposeC is the path consistingof a straight line
from (-1,0) to (1,0) followed by a straight line from
(1,0) to (1,1). The line integralalongthis path is
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(a) positive.
(b) zero.
(c) negative.

251.Given threecurves,C1 (a straight line from (0,0) to
(1,1)), C2 (a straight line from (1,-1) to (1,1)), and
C3 (the portion of the circle of radius

p
2 centered

at the origin moving from (1,-1) to (1,1)), rank the
curvesaccordingto the value of the line integral of
~F = � yî + xĵ on each curve.

(a) C1 < C2 < C3

(b) C2 < C1 < C3

(c) C3 < C1 < C2

252.Thevector�eld ~F andseveralcurvesareshownbelow.
For which of the pathsis the line integralpositive?
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(a) C1

(b) C2

(c) C3

(d) C4

253.If the path C is a circlecentered at the origin, ori-
ented clockwise,which of the vector�elds below has
a positive circulation?

(a) i
(b) ii
(c) iii
(d) iv

254.True or false?Given two circlescenteredat the ori-
gin,orientedcounterclockwise,andany vector�eld ~F ,
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thenthe path integralof ~F is largeraroundthe circle
with largerradius.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

255.Trueor false?If ~F isany vector�eld andC isa circle,
thenthe integralof ~F aroundC traversedclockwiseis
the negative of the integralof ~F aroundC traversed
counterclockwise.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

256.The work doneby the force�eld ~F = yî asan object
movesalonga straight line joining(1, 1) to (1,-1)is

(a) positive

(b) negative

(c) zero
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257.How much work does it take to move in a straight
line from coordinates(1,3) to (5,3) in the vector�eld
~F = � 4̂i + 3̂j ? Assumethat coordinatesarein meters
andforceis in Newtons.

(a) -25Joules

(b) -16Joules

(c) 7 Joules

(d) 16Joules

(e) 25Joules

18.2 Computing Line In tegrals Over Parameterized
Curv es

258.Which of thefollowingisequivalent to thelineintegral
of ~F (x; y) on the line segment from (1,1) to (3,4)?

(a)
R1

0
~F (1 + 2t; 1+ 3t)dt

(b)
R1

0
~F (1 + 2t; 1+ 3t) � (2̂i + 3̂j )dt

(c)
R1

0
~F (3; 4) � (2̂i + 3̂j )dt

(d)
R1

0
~F (1 + t; 1+ t) � (2̂i + 3̂j )dt

259.Which of thefollowingisequivalent to thelineintegral
of ~F (x; y) on the line segment from (1,1) to (3,4)?
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(a)
R2

0
~F (1 + t; 1+ 1:5t) � (î + 1:5̂j )dt

(b)
R2

0
~F (1 + t; 1+ 1:5t) � (2̂i + 3̂j )dt

(c)
R1

0
~F (1 + t; 1+ 1:5t) � (î + 1:5̂j )dt

(d)
R1

0
~F (1 + t; 1+ 1:5t) � (2̂i + 3̂j )dt

260.If C1 is the path parameterizedby ~r 1(t) = ht; ti , 0 �
t � 1, andif C2 is the path parameterizedby ~r 2(t) =
ht2; t2i , 0 � t � 1, and if ~F = xî + yĵ , which of the
following is true?

(a)
R

C1
~F � d~r >

R
C2

~F � d~r

(b)
R

C1
~F � d~r <

R
C2

~F � d~r

(c)
R

C1
~F � d~r =

R
C2

~F � d~r

261.If C1 is the path parameterizedby ~r 1(t) = ht; ti , 0 �
t � 1, andif C2 is the path parameterizedby ~r 2(t) =
h1 � t; 1 � ti , 0 � t � 1, and if ~F = xî + yĵ , which
of the following is true?

(a)
R

C1
~F � d~r >

R
C2

~F � d~r

(b)
R

C1
~F � d~r <

R
C2

~F � d~r

(c)
R

C1
~F � d~r =

R
C2

~F � d~r
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262.If C1 is the path parameterizedby ~r 1(t) = ht; ti , 0 �
t � 1, andif C2 is the path parameterizedby ~r 2(t) =
hsint; sinti , 0 � t � 1, and if ~F = xî + yĵ , which of
the following is true?

(a)
R

C1
~F � d~r >

R
C2

~F � d~r

(b)
R

C1
~F � d~r <

R
C2

~F � d~r

(c)
R

C1
~F � d~r =

R
C2

~F � d~r

263.ConsiderthepathC1 parameterizedby ~r1(t) = (cost; sint),
0 � t � 2� andthe path C2 paramterizedby ~r2(t) =
(2cost; 2sint), 0 � t � 2� . Let ~F be a vector�eld.
Is it always true that

R
C2

~F � d~r = 2
R

C1
~F � d~r?

(a) Yes

(b) No

264.ConsiderthepathC1 parameterizedby ~r1(t) = (cost; sint),
0 � t � 2� andthe path C2 paramterizedby ~r2(t) =
(cos2t; sin2t), 0 � t � 2� . Let ~F be a vector�eld.
Is it always true that

R
C2

~F � d~r = 2
R

C1
~F � d~r?

(a) Yes

(b) No
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18.3 Gradien t Fields and Path-Indep endent Fields

265.The vector�eld shown is the gradient vector�eld of
f (x; y). Which of the followingareequalto f (1; 1)?

(a) f (1; � 1)
(b) f (� 1; 1)
(c) both of the above
(d) noneof the above

266.Which of the vector�elds below is not path indepen-
dent?
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(a) the oneon the left
(b) the onein the middle
(c) the oneon the right

267.Which of the following explainswhy this vector�eld
is not a gradient vector�eld?

(a) The line integralfrom (-1,1)to (1,1) is negative.
(b) Thecirculationarounda circlecenteredat the ori-

gin is zero.
(c) Thecirculationarounda circlecenteredat the ori-

gin is not zero.
(d) Noneof the above.

268.The line integralof ~F = r f alongoneof the paths
shown below is di�erent from the integral alongthe
other two. Which is the odd oneout?
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(a) C1

(b) C2

(c) C3

269.The �gure below showsthe vector�eld r f , wheref
is continuouslydi�erentiable in the wholeplane.The
two endsof an oriented curve C from P to Q are
shown, but the middleportion of the path is outside
the viewingwindow. The line integral

R
C r f � d~r is
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(a) Positive

(b) Negative

(c) Zero

(d) Can't tell without further information

270.Which of the diagramscontain all threeof the follow-
ing: a contour diagramof a function f , the vector
�eld r f of the samefunction,and an oriented path
C from P to Q with

R
C r F � d~r = 60?
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(a) I

(b) II

(c) III

(d) IV

271.If f is a smooth functionof two variablesthat is pos-
itiveeverywhereand ~F = r f , which of the following
canyou concludeabout

R
C

~F � d~r?

(a) It is positive for all smooth pathsC.

(b) It is zerofor all smooth pathsC.

(c) It is positive for all closedsmooth pathsC.

(d) It is zerofor all closedsmooth pathsC.
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272.What is thepotential functionfor thevector�eld ~F =
2yî + 2xĵ ?

(a) f (x; y) = 4xy

(b) f (x; y) = 2x2 + 2y2

(c) f (x; y) = 2xy

(d) This is not a conservative vector�eld.

18.4 Path-Dep endent Vector Fields and Green's The-
orem

273.What will guaranteethat ~F (x; y) = yî + g(x; y)ĵ is
not a gradient vector�eld?

(a) g(x; y) is a functionof y only

(b) g(x; y) is a functionof x only

(c) g(x; y) is always largerthan 1

(d) g(x; y) is a linearfunction

274.The �gure showsa curveC brokeninto two piecesC1

andC2. Which of the followingstatements is true for
any smooth vector�eld ~F ?
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(a)
R

C
~F � d~r =

R
C1

~F � d~r +
R

C2
~F � d~r

(b)
R

C
~F � d~r =

R
C1

~F � d~r �
R

C2
~F � d~r

(c)
R

C1
~F � d~r =

R
C2

~F � d~r

(d)
R

C
~F � d~r = 0

(e) Morethan oneof the above is true.

275.A smooth twodimensionalvector�eld ~F = F1̂i + F2ĵ ,
with ~F 6= ~0 satis�es@F2

@x = @F1
@y at every point in the

plane.Which of the followingstatments is not true?

(a)
R

C
~F � d~r = 0 for all smooth pathsC.

(b)
R

C1
~F �d~r =

R
C2

~F �d~r for any twosmooth pathsC1

andC2 with the samestartingandendingpoints.

(c) ~F = r f for somefunctionf .
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(d) If C1 is the straight line from -1 to 1 on the y-
axis and if C2 is the right half of the unit cir-
cle,traversedcounter-clockwise,then

R
C1

~F � d~r =
R

C2
~F � d~r .

(e) Morethan oneof the above is not true.

19.1 The Idea of a Flux In tegral

276.A river is 
owing downstreamat a constant rate of
5 ft/s. We take a rectangularnet that is 6 ft wide
and3 ft deepandplaceit in the river sothat a vector
perpendicularto the net (a normalvector)is parallel
to thevelocity of thewater. What is therateat which
water 
owsthroughthe net?

(a) 0 ft3/s

(b) 15ft2/s

(c) 30ft2/s

(d) 90ft3/s

(e) Noneof the above

277.A river is 
owing downstreamat a constant rate of
5 ft/s. We take a rectangularnet that is 6 ft wide
and 3 ft deepand placeit in the river so that there
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is a 30 degreeanglebetweena vectorperpendicular
to the net (a normalvector) and the velocity of the
water. What is the rateat which water 
owsthrough
the net?

(a) 0 ft3/s

(b) 90ft3/s

(c) 45ft3/s

(d) � 78ft3/s

(e) Noneof the above

278.Throughwhich surfaceis the 
ux of ~F (x; y; z) = 2̂i
negative?

(a) A squareof sidelength2 in the yz plane,oriented
in the negative x direction

(b) A squareof sidelength2 in the xz plane,oriented
in the positive y direction

(c) A squareof sidelength2 in the yz plane,oriented
in the positive x direction

(d) A squareof sidelength2 in the xz plane,oriented
up.

279.Throughwhich surfaceis the 
ux of ~F (x; y; z) = xî
the mostpositive?
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(a) A squareof sidelength2 in the yz plane,oriented
in the positive x direction

(b) A squareof sidelength2 in the planex = 4, ori-
ented in the positive x direction

(c) A squareof sidelength4 in the planex = 2, ori-
ented in the positive x direction

(d) A squareof sidelength1 in the planex = 8, ori-
ented in the positive x direction

280.Considerthe 
ux of ~F = xî througha disk of radius
1 oriented as described below. In which caseis the

ux positive?

(a) In theyz-plane,centeredat theoriginandoriented
in the directionof increasingx.

(b) In the planex = 2, centered on the x-axis and
oriented away from the origin.

(c) In the planey = 2, centered on the y-axis and
oriented away from the origin.

(d) In the planex + y = 2, centeredon the x-axisand
oriented away from the origin.

(e) Morethan oneof the above haspositive 
ux.

(f) Noneof the above.
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281.Considerthe 
ux of ~F = yî througha diskof radius1
oriented asdescribedbelow. In which caseis the 
ux
positive?

(a) In theyz-plane,centeredat theoriginandoriented
in the directionof increasingx.

(b) In the planex = 2, centered on the x-axis and
oriented away from the origin.

(c) In the planey = 2, centered on the y-axis and
oriented away from the origin.

(d) In the planex + y = 2, centeredon the x-axisand
oriented away from the origin.

(e) Morethan oneof the above haspositive 
ux.
(f) Noneof the above.

282.Which vector�eld hasa positive
ux throughthesur-
facebelow?
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(a) ~F = xĵ

(b) ~F = yĵ

(c) ~F = � zî

(d) ~F = (z + x)î

283.Which vector�eld hasa positive
ux throughthesur-
facebelow?

(a) ~F = � yk̂

(b) ~F = yĵ

(c) ~F = � zî

(d) ~F = xk̂

284.Let ~F = xî + yĵ + zk̂. Which of the surfacesbelow
haspositive 
ux?

(a) Sphereof radius1 centeredat the origin,oriented
outward.

(b) Unit disk in the xy-plane,oriented upward.
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(c) Unit disk in the planex = 2, oriented toward the
origin.

(d) Noneof the above.

285.Choosethe vector�eld with the largest
ux through
the surfacebelow.

(a) ~F1 = 2̂i � 3̂j � 4k̂

(b) ~F2 = î � 2̂j + 7k̂

(c) ~F3 = � 7̂i + 5̂j + 6k̂

(d) ~F4 = � 11̂i + 4̂j � 5k̂

(e) ~F5 = � 5̂i + 3̂j + 5k̂

286.Choosethe vector�eld with the largest
ux through
the surfacebelow.
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(a) ~F1 = 2̂i � 3̂j � 4k̂

(b) ~F2 = î � 2̂j + 7k̂

(c) ~F3 = � 7̂i + 5̂j + 6k̂

(d) ~F4 = � 11̂i + 4̂j � 5k̂

(e) ~F5 = � 5̂i + 3̂j + 5k̂

287.Which of thefollowingvector�elds hasthelargest
ux
through the surfaceof a sphereof radius2 centered
at the origin?

(a) ~F1 = ~�
jj~� jj

(b) ~F2 = ~�
jj~� jj2

(c) ~F3 = xĵ

(d) ~F4 = ~� jj~� jj
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19.2 Flux In tegrals For Graphs, Cylinders, and Spheres

288.The 
ux of the vector�eld ~F = 4�̂ througha sphere
of radius2 centeredon the origin is:

(a) 0
(b) 8�
(c) 16�
(d) 32�
(e) 64�
(f) Noneof the above

289.The 
ux of the vector�eld ~F = 3�̂ + 2�̂ + �̂ through
a sphereof radius1/2 centeredon the origin is:

(a) 0
(b) 3�
(c) 9�
(d) 27�
(e) 72�
(f) Noneof the above

290.The 
ux of the vector �eld ~F = 4�̂ + 2ẑ througha
cylinderof radius1 centeredon the z axis,between
z = 0 andz = 2:
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(a) 0

(b) �

(c) 2�

(d) 3�

(e) 4�

291.The 
ux of the vector �eld ~F = r r̂ + r �̂ througha
cylinderof radius2 centeredon the z axis,between
z = 0 andz = 2:

(a) 0

(b) 2�

(c) 4�

(d) 8�

(e) 16�

292.The
ux of thevector�eld ~F = zr̂ througha cylinder
of radius1/2 centeredon the z axis,betweenz = 0
andz = 3 is

(a) 0

(b) 2�

(c) 3�

(d) 9
2�
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(e) 9�

293.All but oneof the 
ux calculationsbelow canbedone
with just multiplication,but onerequiresan integral.
Which one?

(a) ~F = 3�̂ + 2�̂ througha sphereof radius4.

(b) ~F = � �̂ + � �̂ througha sphereof radius3.

(c) ~F = r r̂ + r ẑ througha disk of radius2, centered
on the z axis,in the z = 2 plane.

(d) ~F = r 2r̂ + z�̂ througha cylinderof radius1, be-
tweenz = 1 andz = 3.

20.1 The Div ergence of a Vector Field

294.Moving from the pictureon the left to the pictureon
the right, what arethe signsof r � ~F ?

(a) positive,positive,negative
(b) zero,positive,negative
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(c) positive,negative,zero

(d) zero,negative,positive

295.If ~F (x; y; z) is a vector�eld andf (x; y; z) is a scalar
function,which of the following is not de�ned?

(a) r f

(b) r � ~F + f

(c) ~F + r f

(d) r � ~F + r f

(e) Morethan oneof the above

(f) Noneof the above

296.If ~F (x; y; z) is a vector�eld andf (x; y; z) is a scalar
function,which of the followingquantities isa vector?

(a) r � ~F

(b) r f � ~u

(c) r � r f

(d) (r � ~F ) ~F

297.Trueor False?If all the 
ow linesof a vector�eld ~F
areparallelstraight lines,then r � ~F = 0.

(a) True,andI am very con�dent
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(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

298.Trueor False?If all the 
ow linesof a vector�eld ~F
radiateoutward alongstraight linesfrom the origin,
then r � ~F > 0.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

299.In Cartesiancoordinatesgiven the vector �eld ~F =
F1̂i + F2ĵ + F3k̂,

~r � ~F =
@F1

@x
+

@F2

@y
+

@F3

@z
.

Which of the following vector �elds has zerodiver-
gence,so that it couldrepresent the 
ow of a liquid
which doesnot expandor contract?

(a) ~F = 2sin(3z2)î + 5xyzĵ + 3e7xk̂

(b) ~F = 3ln(yz)î + 2x3z7ĵ + 4cos(2x)k̂

(c) ~F = 6e2yĵ + 3sin(4z)k̂
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(d) Noneof the above

300.In cylindricalcoordinatesgiven the vector�eld ~F =
F1r̂ + F2�̂ + F3ẑ,

~r � ~F =
1
r

@(rF1)
@r

+
1
r

@F2

@�
+

@F3

@z
.
What is the divergenceof the vector�eld ~F = 2� r̂ +
3z�̂ + 4r ẑ?

(a) ~r � ~F = 2� + 3z + 4r

(b) ~r � ~F = 9

(c) ~r � ~F = 2�
r

(d) ~r � ~F = 0
(e) Noneof the above

301.In sphericalcoordinatesgiven the vector �eld ~F =
F1�̂ + F2�̂ + F3�̂ ,

~r � ~F =
1
� 2

@(� 2F1)
@�

+
1

� sin�
@F2

@�
+

1
� sin�

@(F3 sin� )
@�

.
What is the divergenceof the vector�eld ~F = 3

� 2 �̂ +

2r �̂ ?

(a) ~r � ~F = 2r
� sin�
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(b) ~r � ~F = 3
� 2

(c) ~r � ~F = cos�
� sin�

(d) ~r � ~F = 0
(e) Noneof the above

20.2 The Div ergence Theorem

302.Givena smallcube restingon the xy planewith cor-
nersat (0; 0; 0), (a;0; 0), (a;a;0), and(0; a;0), which
vector �eld will producepositive 
ux through that
cube?

(a) ~F = 3̂i

(b) ~F = xî � yĵ

(c) ~F = 2̂i + 3̂j + k̂

(d) ~F = zk̂

303.Let ~F = (5x + 7y)î + (7y + 9z)ĵ + (9z + 11x)k̂. This
vector�eld producesthe largest
ux throughwhich of
the followingsurfaces?

(a) S1, a sphereof radius2 centeredat the origin.
(b) S2, a cube of side2 centered at the origin, with

sidesparallelto the axes.
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(c) S3, a sphereof radius1 centeredat the origin.

(d) S4, a pyramidcontainedinsideS3.

304.True or False? The vector �eld ~F is de�ned every-
wherein a regionW boundedby a surfaceS. If
r � ~F > 0 at all points of W, then the vector�eld ~F
points outward at all points of S.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

305.True or False? The vector �eld ~F is de�ned every-
wherein a regionW boundedby a surfaceS. If
r � ~F > 0 at all points of W, then the vector�eld ~F
points outward at somepoints of S.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

306.True or False? The vector �eld ~F is de�ned every-
wherein a regionW boundedby a surfaceS. If
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R
S

~F � d~A > 0, then r � ~F > 0 at somepoints of
W.

(a) True,andI am very con�dent

(b) True,but I am not very con�dent

(c) False,but I am not very con�dent

(d) False,andI am very con�dent

307.Which ofthefollowingvector�eldsproducesthelargest

ux out of the unit spherecenteredat the origin?

(a) ~F1 = (ez + x3)î + ex ĵ + y3k̂

(b) ~F2 = (z2 + cosy)î � y3ĵ + x3y3k̂

(c) ~F3 = z2̂i � (x2 + z2)ĵ + (z3 + zy2)k̂

(d) ~F4 = (x4 � y4)î � (z4 � 2x3y)ĵ + (y4 � 2x3z)k̂

20.3 The Curl of a Vector Field

308.The picturesbelow show top viewsof three vector
�elds, all of which have no z component. Which one
hasthecurl pointing in thepositive k̂ directionat the
origin?

137



(a) the oneon the left

(b) the onein the middle

(c) the oneon the right

(d) noneof them

309.Let ~F (x; y; z) be a vector �eld and let f (x; y; z) be
a scalarfunction. If ~r = xî + yĵ + zk̂, which of the
following is not de�ned?

(a) r � f

(b) r � ~F + r f

(c) r � (~r � r f )

(d) f + r � ~F

(e) Morethan oneof the above

310.Which one of the following vector �elds has a curl
which points purelyin the ĵ ?

(a) yî � xĵ + zk̂
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(b) yî + zĵ + xk̂

(c) � zî + yĵ + xk̂

(d) xî + zĵ � yk̂

311.Trueor False?If all the 
ow linesof a vector�eld ~F
arestraight lines,then r � ~F = 0.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

312.Trueor False?If all the 
ow linesof a vector�eld ~F
lie in planesparallelto the xy-plane,then the curl of
~F is a multiple of k̂ at every point.

(a) True,andI am very con�dent
(b) True,but I am not very con�dent
(c) False,but I am not very con�dent
(d) False,andI am very con�dent

20.4 Stok es' Theorem

313.Which of the followingfactsabout ~F = � �̂ is implied
by Stokes'Theorem?
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(a) The line integralfrom (0,0,0)to (1,1,1)is equalto
3/2.

(b) ~F haspositive divergenceeverywhere.

(c) The line integralon any closedcurve is zero.

(d) The curl of ~F is non-zero.

314.What canbe saidabout the vector�eld r f in terms
of curl?

(a) Its curl is negative.

(b) Its curl is zero.

(c) Its curl is positive.

(d) Its curl dependson the functionf .

315.The �gure below shows the vector �eld r � ~F . No
formula for the vector�eld ~F is given. The oriented
curveC is a circle,perpendicularto r � ~F . Thesign
of the line integral

R
C

~F � d~r
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(a) is positive.

(b) is negative.

(c) is zero.

(d) can't be determinedwithout further information.

316.The�gure below showsthevector�eld ~F . Thesurface
S isorientedupwardandperpendicularto ~F at every
point. The sign of the 
ux of r � ~F through the
surface
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(a) is positive.
(b) is negative.
(c) is zero.
(d) can't be determinedwithout further information.

317.Thevector�eld ~F hascurl r � ~F = 3̂i+ 4̂j + 2k̂. What
is the magnitudeof the circulationof ~F aroundthe
perimeterof the squarewith cornersat coordinates
(1,2,3),(4,2,3),(4,2,6),and(1,2,6)?

(a) 0
(b) 18
(c) 27
(d) 36
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(e) 81

(f) Noneof the above
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