Calculus III 2210-90 Final Exam
Summer 2014
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Instructions.  Show all work and include appropriate explanations when necessary. Correct answers
unaccompanied by work may not receive full credit. Please try to do all all work in the space provided and
circle your final answer.

1. (13pts) Consider the vectors u =i — j+ 3k, v = 5i + 2j — k.
(a) (3pts) Find u+v

5 = bT+J+2k
(b) (3pts) Findu-v
K = (\)(5)H(-DG)+(ZN-V=F-2-3 = o,
(c) (3pts) Find the angle between u and v. Give your answer in‘tadians.
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(d) (4pts) Find u x v
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2. (10pts) Consider the function f(z,y) =

1+y

(a) (6pts) Find the equation of the tangent plane to z = f(z,y) at the point (2,1,1). |+ \
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(b) (4pts) Find a unit vector which is perpendicular to the tangent plane to z = f(z,y) at the pﬁmt
(5,2,1)
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3. (12pts) Match the equation with the graph of the surface it describes by writing the appropriate capital
letter (A-F) in the provided blank. Each answer will be used exactly once
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4. (10pts) Use Lagrange multipliers to find the extreme values (both maximum and minimum) of the
function f(z,y) = y* — z on the circle (z — 1)2 + 32 = 1.
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(a) (5pts) // (% + y) dA, where R is the rectangle 0 <2< 1,1 <y < 3.
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(b) (7pts) / / zy dA, where T is the region in the first quadrant between the curves y = z? and
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(c) (7pts) // T2 g? dA, where D is the unit disk 22 + 42 < 1.
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(d) (7pts) /// 22 dV, where S is the sphere 22 + y2 + 22 < 4. B
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6. (10pts) Circle T if the statement is true and F if the statement is false in general. Let F(z,y) denote 7/._2—‘:-“'-
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vector field and C an oriented curve. \
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The value of [ ¢ F - dr is the same regardless of how you parameterize the curve C.
There is always a function f(z,y) such that F(z,y) = Vf(z,v).

If divF =0, then [, F-dr=0.

If curl F = 0, then F is conservative.

If [, F-dr =0, then C must be a circle.
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7. (18pts) Consider the vector field F(z,y) = (e¥ + 8z)i + ze¥].

(a) (4pts) Compute divF
C][ AivF=9§ (&Yﬂ‘x)’r/—%(xe’) = §+xe

(b} (4pts) Compute curl F
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A (c) (2pts) Is F a conservative vector field? Circle one: NO
(d) (8pts) If C is the curve parameterized by r(t) = (cost,sint) for 0 < t < , use the Fundamental
< Theorem of Line Integrals to compute

2 e . re PN~
Find o Yo{'ou/hd,\ Pmetac: i} ’f(xgtj\- Xe' +4y ':‘Tlvw.
Veivy) = Firy) .

8. (6pts) Let C be the curve and F the vector field given by the picture below. Tndicate whether each
statement is true (T) or false (F) by writing in the blank provided.
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9. (16pts) Let F(z,y) =

(z —y)i+ (z2 +y?)j and let C denote the boundary of the triangle with vertices
at (0,0), (1,0), and (1, 1), traversed counterclockwise. See picture below

(a) (8pts) Compute the line integral [, F - dr using Green’s Theorem
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(b) (8pts) Compute the line integral fc F - n ds using Green’s Theorem (this version is also called the
Plane Divergence Theorem).
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0. (8pts) Use the Divergence Theorem to compute the flux of the vector field F(z,y, z) = zy?2i — 2% +
% z%k through the boundary of the cylinder determined by z2 + 32 < 1,0 < z < 1.

div F = U¢+x = 2 (x*yY)
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11. (11pts) Consider the surface G in 3-space determined by the parametric equations
r{u,v) = (u+v)i+ (u — v)j + (2u + Tk,

where 0 <u<1,0<v<1.
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(b) (5pts) Compute the surface integral /// (z +y)dS.

G
Recall: For surfaces defined parametrically, dS = ||r, x r,|| du dv

S‘H‘b‘f‘j) AS = J' (\Qu+v)+(u-v)) Jiro du 4V
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2. (10pts) Let S denote the surface determined by z2 + y? + (z — 1)2 = 2 where z > 0 (S is the part of
the sphere of radius v/2 centered at (0,0,1) with positive z component...see picture below). Use Stokes
Theorem to evaluate

/ (curl F) - n dS,
s

where n is the outward pointing unit normal and F denotes the vector field

F = —yi+zj+ 2k
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