Problem 1

(a) (1 point) 1 point if you circled your TA and discussion session on the previous page!

(b) (3 points) Let f(z,y,2) be a function of three variables. Finish the definition: 9L (a,b,c) = ...
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(c) (3 points) Find a parametrization of the curve in R? given by the equation 222 +y? —4z+2y+2 = 0 (Hint: classify
it first).
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3 points) (i) Classify, (ii) sketch, and (iii) find the axis of symmetry for the surface
d Classify, ketch, and find th f for th f:
(z—1)* - (y+3)% — (2 — 2013)% = -1
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(e) (3 points) For the surface 2% + 522 = 13 in R3 classify all the traces parallel to the zy coordinate plane (mark all
possibilities):

(i) Ellipses *
(ii) Parabolas
(iti) Hyperbolas

(iv) Two intersecting lines

(v) Two parallel ligéé)
{(v) One liney
(vi) A point

((vii) Emp??)




Problem 2
Let 7#(t) = sm(Zt)z — 2sin(2t)] — cos(2t)
(a) (2 points) Compute the unit tangent vector T() at time ¢.
(b) (2 points) Compute the principal unit normal vector N(t) at time ¢.
(c) (2 points) Compute curvature x(0) at time ¢ = 0.
(d) (2 points) Find the center of curvature to this trajectory at time ¢ = 0.
(d) (2 points) Find the equation of the tangent line to this trajectory at time ¢ = 0.

(e) (2 points) Find the equation of the osculating plane to this trajectory at time t = 0.
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The promised curvature formulas:
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Problem 3
Let f(z,y) = e’ v’
(a) (2 points) Compute f and f,.
(b) (2 points) Is f differentiable at (1,—1)? Justify your answer.
(¢) (2 points) Find the differential of f at the point (1,-1). .
(d) (2 points) Find the equation of the tangent plane 0 the surface z = f (z,y) at the point (1,-1,1).

(e) (3 points) Suppose the point (z,y) changes from (1,—1) to (0.98,—0.99). Use linear approximation to estimate the
change in the height of the surface f(0.98,—0.99) — f(1,—1).
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Problem 4
(a) (5 points) Compute the following limit or prove that it does not exist. Justify all the steps.
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lim wzmy 5
(z,y)—(0,0) Z% + 7
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(b) (5 points) For which of the integer values of k (k =1,2,3,...), does the following limit exist?

'

(Not very useful hint: though it’s not the only way to go (and not necessarily the best), but in case you need it,
angz; it’s possible to avoid using this)
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Extra scratch paper
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