UNIVERSITY OF CALGARY
DEPARTMENT OF MATHEMATICS AND STATISTICS

MATHEMATICS 381 — L01 FALL 2009

TERM TEST I
[Friday, October 9, 2009 (in class)|]

This is a closed book examination for which you have 50 minutes for completion.
Try to give clear, succinct, well-presented answers to as many problems as you
can. You can cite relevant theorems where appropriate.

Student ID: /< E //_

[Marks]

[15] 1. Show that if the position and velocity vectors of a point moving in R3 are always
orthogonal then the point is moving on a path lying on a sphere.
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[15] 2. Let r(s) = (z(s),y(s), #(s)) be given by z(s) = acos cs, y(s) = asincs, 2(s) = bs,
where ¢ = —“—l-m Find the wnit tangent 7'(s), normal N(s) and Binormal B(s) as a
function of s.
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[15] 3. (i) Describe the surface s = £ + %.
(ii) Find an equation of the line orthogonal to the surface at the point (2, —3, 2).
(ili) Find an equation of the plane tangent to the surface at (—2 3,2).
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[15] 4. (i) Define “: = f(z,y) is differentiable at (a,d)”.

(ii) Suppose x = z(t), y = y(?) define a path in the domain of f and
set g(t) = f(x(2),y(t)). State the chain rule for ¢'(t).

(iii) Suppose x = rcosf, y=rsind. Let h(r,8) = f(x(r,9),y(.6)). Find ($,%).
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[20] 5. (i) Define “f is harmonic” in a region S.
(ii) Suppose that u(z,y) and v(x,y) have continuous second partial derivatives and
satisfy g—: = % and g”; = % Show both u, and v are harmonic.
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20 6. Let - = e™*¥ coszy. Define the gradiant vector, and determine the direction in which
gr
¢ is increasing most rapidly at (g, %) , justifying your answer.
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