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1. The curve z* +33 = 9zy in the figure to the right is called the -~~~
Folium of Descartes. It passes through the points (0, 0), (4, 2)
and (2, 4) and has a horizontal (and a vertical) tangent at the —N ' |
origin and a horizontal tangent at another point (a, b) as well (/
(near the point (4, 5), according to the graph). 1 ;
Determine the coordinates a and b of this other point, where ’ \

the Folium of Descartes has a horizontal tangent.

; 1
2. Use the method of Lagrange multipliers to find the maximum — —! \ !
value of f{z,¥,z) = zy*’z? on the sphere 2% + y? + 2% = 12. : | :\

3. Calculate the area of the part of the surface z = 72 + y + 1, that has the (right-angled)
triangle with vertices (0,0), (2, —4) and (2, 1) as its projection (down) onto the zy-plane.
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4. The circular disk D = {(z,y) € R?|z® + 3> < R?} has at a point {z,y) € D area-density
8(z.y) = 8o (1~ &), 50 bmin = (R, 0) = 0[kg/m?] and bpmez = 6(0,y) = bo.

Calculate its mass m. (Check: dmin < & < maz-)

5. Let us start with a circle C with radius § and center (—%,0), as in the figure below to the
left. We construct a family of circles, each with center on the circle C and passing through
the origin, as in the figure below in the center. Show that this family of circles has the
cardioid r = a(l — cos8) (i.e. (z(),y(8)) = (a(l — cosf)cosh, a{l — cosh)sinf)) as its
envelope.

(Comment: The cardioid is also traced by a point on the boundary of a circle, which rolls
on another circle of equal size, as in the figure below to the right, but that does not have
to be shown here.)

Useful (?) formulas:

(a+ b)? = a® + 2ab+ b%, (a + b)® = a? + 3a?b + 3ab® + b°.

cos’t +sin’t = 1, cos?t = (1 + cos(2t))/2, sin?t = (1 — cos(2t))/2,
sin(2t) = 2sintcost, cos(2t) = cos?t —sin’t = 2cos?t — 1 = 1 — 2sin’t.




