MIDTERM 1 Friday, Jan. 29

NAME: bu\

DIRECTIONS:

0

e This exam is a closed book, closed notes. Nothing should be on the table except a pencil, an eraser,

and this exam.

e NO CALCULATORS or other PAPERS allowed.

e Show all Wbrk, clearly and in order.

e When required, do not forget the units!

e Circle your final answers. You will loose points if you do not circle your answers.

e This test has 10 problems, 2 extra credit problems, and 11 pages, It is your responsibility to make sure

that you have all of the pages!

Question Points Score

1 10

2 10

3 10

4 6

5 12

6 12

7 10

8 10

9 10

10 10
Extra Credit 1 5
Extra Credit 2 5

Total 100
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Problem 1: (10 points) Consider the vectorsu =i+j—k and v =1i-2j+k.

(a) (5 points) Find the orthogonal projection of u on v.

N Ui": JC’; 'V'}N %’f\/t"‘v‘)
e (H‘/H)

(b) (5 points) Find u x v. What is the geometric interpretation of this?
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Problem 2: (10 points) Find the equation of the plane that passes through the points (0,0,0), (2,0,~1), @
and (0,4, —3).
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Problem 3: (10 points) Find the distance to the point (6,1,0) from the plane that passes through the
origin that is perpendicular to i — 2j + k. ,
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Problem 4: (6 points) Using an ¢ — § proof, show
: z?
l'&’n’l,(;,.'y)%(o‘o)—-—ﬁ = 0.

(Since this is a proof, there is no need to circle your answer to problem 5).
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Problem 5: (12 points) Consider the function flz,y) = e**¥cos(zy) Find the equation of the plane tangent
to the graph at the point xg = (0, 1).
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Problem 6 (12 pomts) Find the second order Taylor apploxnnatlon of f(z,y) = e* ¥cos(zy) at xo = (0,1).
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Problem 7: (10 points) Given g(z,y) = (2 + 1,3?) and f(u,v) = (u + v,u,v?) and xo = (1,1),

(a) (3 points) Compute Dg(xo).

(b) (4 points) Compute Df(ug) (remember ug = g(xo .
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(c) (3 points) Compute D (f o g) (x0).
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Problem 8 (10 points) Consider the function V = — GmM  yhere r = zi + yj + zk (where z, y, and z are
el

measured in meters), which is the gravitational potential of a mass m at (z,y, z) produced by gravitational
force of a mass M centered at the origin. Note, G is a gravitational constant with units 1—(—%1%?»

(a) (8 points) Compute VV.
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(b) (2 points) What is the interpretation of ~VV? (Hint: Think about the units. Think about what
happens as you move in the direction of ~VV'.)
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"Problem 9 (10 points) Consider the function f(z,y) = z* 4 y* — zy

(a) (5 points) Find the critical points of f. "
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(b) (5 points) Use the second derivative test to determine wether the critical points are local maxima,
minima, or saddle points.
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Problem 10 (10 points) Consider the function f(z,y) = z subject to the constraint % 4 2y = 3.

(a) (5 points) Find the critical points of f.
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(b) (5 points) Use the bordered Hessian to classify the critical points.
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Extra Credit 1 (5 points) Suppose PQR is a triangle in space and b > 0 is a number. Prove that there

exists a triangle with sides parallel to those of PQR and lengths b times those of PQR. (Since this is a proof,
there is no need to circle your answer to_this problem.)
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Extra Credit 2 (5 points) Show that near the point (x,y,u,v) = (1,1,1,1) we can solve

mu+yvu2 = 2,
J;’u3+y2v4 = 2,

uniquely for u and v as functions of x and y. (Since this is a proof, there is no need to circle your answer to

this problem.)
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