MA 225 Final A December 15, 2006

1. (12 points) Calculate:

(a) the gradient of the function f(z,y) = €®sin 2z at the point (7/6,0).
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(b) the projection projba of the vector a = i+4j—k in the direction of b = 2i—3j+2k.
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(c) the curl of the vector field F(z,y, z) = z3y22i + 3z%y2%j + 22%y2%k.
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2. (12 points) Which of the following five lines are parallel? Which are equal? In order

to receive any credit for your answer, you must provide brief justifications
for your assertions.
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3. (12 points) Consider the following region R in the zy-plane. It is bounded by the
curves y = z? and z = y? + 1 and the lines y = —1, y =1, and z = —1. Calculate
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4. (12 points) Consider the curves
r(t)=ei+tj+(t—1)k and ro(t) =ti+ (t—1)j — t’k.

Determine their point(s) of intersection and the angle(s) at which they intersect.
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5. (12 points) Find the point(s) on the cone z> = x? +y? that are closest to the point (3, 1,0).
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6. (12 points) Find the volume of the solid region R lying inside the sphere z?+y?+22 =9
and outside the cone 2% = z% + y2. To be precise, 3 Ak "ESL

:z':}’?.')lnt
R={(x,y,z)|m2+y2+z2§9andz2§xz+y2}. Vil

\oluwme = @SQ 1 AN

?\ R~ x"-!*\g* 'g'-'d't

\e$ ° 1w )
\Wee Q’Q\N‘:\ \ (_a.Q C‘.bb\{"é\\'v\c:ﬁ. e£ S
2% 2 3
Q‘- sim b A§Op o =
® o e "“']g o §
g _ 9= " ‘o =
\ & g\~ ¢\ %
< © é\? =Ny
-5 L
Swz g 5 Q\E . EL\ (g(, J©
O ) ) =73



MA 225 Final A December 15, 2006

7. (12 points) Note that there is a second part to this problem on the next page.

(a) Fix a radius R. Using the surface area formula we discussed in this course, derive
the surface area of a hemisphere of the form

P+ +22=R? with z>0.
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Problem 7 (continued):

(b) With the aid of your result in part (a), calculate the z-coordinate Z of the center
of mass of that portion of the sphere z2 + 4% + 22 = R? that lies in the first octant
(z, v, and z all positive). You can use the integral

f v’ du = u\/az u2+azsin‘1u+0
Vaz —uz 2 2 a

without justification. Also, recall that 7 is the surface integral of z over the
surface divided by the surface area of the surface.
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8. (16 points) Note: This problem has multiple parts on pages 9-12

(a) Compute and classify the critical points of the function f;(z,y) = 22 —2z+2 —2y.
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(b) Compute and classify the critical points of the function fy(z,y) = 3z — 2° + y2.
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Problem 8 (continued):

(c) Compute and classify the critical points of the function f3(z,y) =23 — 3z + 42
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(d) Compute and classify the critical points of the function fy(z,y) = zy — z — .
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Problem 8 (continued):

(e) Compute and classify the critical points of the function fs(z,y) = z* + ¢*

— 4zy.
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Problem 8 (continued):
(g) The six functions considered in parts (a)~(f) are:

L filz,y)=2"-22+9" -2y 2. fo(z,y)=3z-23+4® 3. fs(z,y) = 2° — 3z + 2
4 fa(z,y) =zy—z—1y 5. fs(z,y) =2 +y* —dzy 6. fo(z,y) =2 +y* + 4oy

Here are three contour plots:

Contour Plot 2 Contour Plot B Contour Plot C
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Match each contour plot with its corresponding function f(z, %) from the choices above.
Using your results from parts (a)—(f), provide a brief justification for your selection.
You will not receive any credit for your answer unless you provide a valid
justification. (P

A. The function for contour plot A is . My reason for choosing this answer is:
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B. The function for contour plot B is _ﬁ My reason for choosing this answer is:
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C. The function for contour plot C is __~_. My reason for choosing this answer is:
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