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Be sure to show all your work. Unsupported answers will receive no credit.

A formula sheet is supplied, for your reference.

Use the backs of the exam pages for scratchwork or for continuation of your

answers, if necessary.

Math 251, 01-03, Final Exam Dec., 2005

EARLY EDITION

‘ Problem No. ‘ Pts Possible | Points
1 9
2 9
3 7
4 9
5 7
6 8
7 9
8 8
9 8
10 8
11 9
12 9
Total 100




1. (9 points): Lines and Planes
(a) Find parametric equations for the line which passes through (1,2, 3) and is par-
allel to the vector (1,0, 1).

b) Find parametric equations for the line which passes through 4, 5, 6) and is par-
g
allel to the vector <O, 1, 2>

(¢) Find the equation of the plane which is parallel to the lines from parts (a) and
(b) and passes through the point (—1,0,1).



2. (9 points): Consider the curve r(t) = (sin(t), t, cos(t)).
(a) Find the curvature of r(t).

(b) Find T(7), N(x), and B(m).



0
3. (7 points): Let ™™ — xy — z = 0. Find a—z
T
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4. (9 points): Find the minimum and maximum value of f(z,y) = 4 —x? —y? subject
to the constraint x? + 2y% < 1.



5. (7 points): Rewrite the following integral with the order of integration reversed:

/02 /1 f(z,y) dydx



6. (8 points): Evaluate the following integral:

9— a:2—y
/ / / dzdydx
\/9—a2—y2 \/x2+y + 22



7. (9 points): Evaluate the following integral where R is the trapezoidal region with
vertices (1,0), (2,0), (0,2), and (0, 1):
) dA

I[=(252)

Hint: Choose a change of variables that makes ﬁ simple.




8. (8 points): Consider the following vector field:
F(z,y,2) = (yz + 22)i+ (22 + 2)j + (zy + y)k

(a) Show that F is conservative by finding a potential function.

(b) Evaluate the line integral [, F-dr where C'is the curve given by r(t) = (e, ¢, te)
where 0 < ¢ <1 and
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9. (8 points): Use Green’s Theorem to evaluate the line integral along the given pos-
itively oriented curve.

/C (y + e¥V®)dz + (22 + cos(y?))dy

where C' is the boundary of the region enclosed by the parabolas y = 22 and z = 2.



10. (8 points): Let S be the surface given by 22 +y* =9 and 1 < z < 4.
(a) Find a parametrization of the surface.

(b) Find an orientation for S.

(¢) Find the equation of the tangent plane to S at the point (3,0, 2).

(d) Find the surface area of S.

11
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11. (9 points): Find /F-dr, where F(z,y,2) = e i+ €e"j + e*k and C is the

c
boundary of the part of the plane 2z 4+ y + 2z = 2 in the first octant (x > 0, y >
0, z > 0). Orient C to be counterclockwise when viewed from above. Hint: Stoke’s
Theorem.
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12. (9 points): Find //F -dS where F(z,y, z) = 231+ 2222 j + 3y?z k, where S is
s
the surface of the solid bounded by the paraboloid z = 4 — 22 — 42 and the zy-plane.
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Formulas for the Final Exam

a-b = |a||b|cosd laxb| = |a|/b|sinf
a-b ) a-b
comp,b = W proj,b = Ea . a;a
ax(bxc) = (a-c)b—(a-b)c a-(bxc) = (axb)-c

The vector equation for a line with direction v which
passes through a point rg is: r(t) =ro+tv

The equation of a the plane tangent
to z = f(z,y) at the point (xo, Yo, 20)

where 2o = f(z0,90) is: (2= 20) = ful(0, 50) (= 70) + £, (0, 90) (5 — o)
The distance from the point P(z1,y1, 21)
to the plane ax + by +cz +d =0 is: laxy + byy + cz1 + d
va? 4+ b2 4 2
F(z,y,2z) = K, K a constant. Then,
t
s = / (6)] dt o F - F
¢ dr  F, oy -~ F,
Curvature for r(t) Curvature for a plane curve y = f(x)
_[4T] ] ) x o) e
ds |  |r'(t)] (@) [+ (f/(2))?)?
_ (@) Tt
0= o) N = 7 B(t) = T() x N(t

D >0 and f,, >0 implies local minimum
D= foufyy —f2, D>0 and f,; <0 implies local maximum
D <0 implies saddle point

Vi(@,y,2) = fol+ fyi+ f:k
POLAR: z =rcos(f), y=rsin(d), dA =rdrdf
CYLINDRICAL: z = rcos(), y=rsin(d), z=z, dV =rdrdfdz
SPHERICAL: x = psin(¢) cos(d), y = psin(@)sin(d), z = pcos(¢), dV = p*sin(¢)dpdfde

CHANGE OF VARIABLES:

J[ reasay = [[ sttt o] 520
///R f(z,y,z)dedydz = ///5 flx(u,v,w), y(u, v,w), z(u, v, w)) '%

du dv

du dv dw




SURFACE AREA: A(S) = //D lr, X r,|dA A(S) = //D \/1 + (%)2 + (_

SURFACE INTEGRALS: // F-ndS = // F-dS = // (ry X 1y)
5

dS = (r, X r,)dA, dS =r, xr,|dA, n= Fu X Ty

v, X 1y

15

If the surface is the graph of z = g(z,y) then, // F.-dS = // ( P— — Q —|— R) dA

GREEN’S THEOREM: / Pdx+Qdy = // 9@ _oF dA
c p\O0r 0Oy

STOKES’ THEOREM: /F-dr: // curl F - dS
C s

THE DIVERGENCE THEOREM: // F-dS = /// divF dV
S E



