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1. Solve the first example on Lagrange multipliers in the slides (find the maximum of f(x, y) = x2y
subject to x2 + y2 = 1) using instead polar coordinates.

2. Calculate the extrema of the function f(x, y, z) = x+yz subject to the constraints x2 +y2 +z2 = 1
and z2 = x2 + y2.

3. (*) You are at (0, 0) and it is noon. You need to fill your empty bucket with water from the river
and take it to your house at (5, 2). The river has equation x − 2y + 4 = 0. If you can walk at
a speed of 4 units/hour and it takes 5 minutes to fill the bucket, sketch a way of calculating the
earliest time when you can reach home. That is, write what to do in order to solve this particular
problem, no need to do the actual calculations. (Hint: traveling in straight lines is faster.)

4. Consider the parametric curve f =
(
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,

1− t2
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)
: R→ R2.

(a) Prove that it is contained in the unit circle.

(b) Prove that it is not equal to the unit circle. (Hint: find a point in the circle that cannot be
reached by f for any value t. It may help to give some values to t and see what happens.)

5. (*) Write down two parametrizations of the upper half of the unit circle: one with trigonometric
functions and one without them. (Hint: at this point you know now several parametrizations of
this curve, try to modify two of them.)

6. We have seen that (t, t2) is a parametrization of the parabola y = x2. Find another parametrization
of the parabola. Note that it has to satisfy the equation, but also that (almost) every point of the
parabola is f(t) for some t.


