MATH 241 Final Examination

Drs. C. Cremins, M. Grillakis, D. Margetis, and A. Mellet
Monday, December 16, 2013

Instructions. Answer each question on a separate answer sheet. Show all your work. A correct answer
without work to justify it may not receive full credit. Be sure your name, section number, and problem
number are on each answer sheet, and that you have copied and signed the honor pledge on the first answer
sheet. The point value of each problem is indicated. The exam is worth a total of 200 points. In problems
with multiple parts, whether the parts are related or not, be sure to go on to subsequent parts even if there
is some part you cannot do. Please leave answers such as 5v/2 or 3 in terms of radicals and 7 and do not
convert to decimals.

You are not allowed use of any notes. Calculators are not permitted.

L.

(20 points, divided as indicated) Consider the points P = (1,0,-1), @ = (-5,3,2), R=(2,-1,4).
Suppose & is the plane that contains all these three points, and £ is the line through P perpendicular
to the plane &.

(a) (5 points) Determine the equation of the plane 42,
(b) (5 points) Find the parametric equations of the line £.
(c) (10 points) Find the equation of the sphere centered at the origin that is tangent to the plane 2.

. (25 points, divided as indicated) An object moves along the curve C parametrized by

r(t) =e®i+2v2e'j+ 2tk for t > 0.
(a) (4 points) Find the velocity and acceleration of this object as functions of time.

(b) (11 points) What is the distance traveled by the object along the curve C from¢ =0Qtot = 1?
(c) (10 points) Determine the tangential and normal components of the acceleration, az and ay.

. (20 points, divided as indicated) The function u(%, ) satisfies the wave equation if ¢ 2uy —uge =0

for all (¢, z), where c is a constant.

(a) (5 points) Does u(t, ) = 10 cos(3z — 3ct) satisfy the wave equation?
(b) (5 points) Does u(t,z) = 10 cos(3z — 2ct) satisfy the wave equation?
(¢) (5 points) Does u(t, z) = e*~ satisfy the wave equation?

(d) (5 points) Does u(t, z) = (z + ct)° satisfy the wave equation?

. (25 points) Find the critical points of the function f(z,y) = z* — 222 — 3zy® + 9. By applying the

second partials test, classify each critical point as a local (relative) maximum point, local (relative)
minimum point, saddle point, or something else. (If this test is inconclusive, simply write so.)
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5. (25 points) By using a suitable change of variables, evaluate the double integral

22 o2 1/2
/:/I;(l-l-z-l-'é—f;) dA,

where R is the region bounded by the ellipse 2/4 + 2/25 = 1.
6. (30 points, divided as indicated)

(a) (10 points) Evaluate the line integral [, F' - dr, where F = zi + zj + 2%z k and C is the curve
parametrized by
r(t) =ti+costj+k, 0<t<m.

(b) (20 points) Use Green’s theorem to compute the line integral
/ (zy + V1+22)dz + (zy + cosy) dy,
C

where C is the circle (z — 2)? + y? = 4 oriented counter-clockwise.
7. (25 points) Evaluate the surface integral [[, F - ndS, where
F(z,y,2z) =eVi+ (y+22)j + 2k,

¥ is the portion of the plane 2z + y + 2z = 4 in the first octant, and n is the normal unit vector
pointing upward.

8. (30 points) Use spherical coordinates to compute the total mass M of an object occupying the solid
region D that is bounded above by the sphere z2 + y? + 22 = 4z and below by the cone z =
/22 +42/+/3. Assume that the mass density of the object at the point (z, y, z) of D is equal to the
distance from (z, , 2) to the origin.



