Math 170, Fall 2008, Section 2
Assignment 2

Honor code: You should neither give nor receive help on this assignment.
Organize your work in a concise way and show every step of your argument. Write legibly.

Note: the total number of points is 23. Anything above 20 is extra credit.

1. (a) (1pt) Find the polar equation of the circle C; whose center has Cartesian coordinates
C = (1/2,0) and passing through the origin O = (0,0). Show all your work.

(b) (2pts) For a point P on the circle, the line of equation 2 = 1 intersects the line

through O and P at a point Q. Let A be the point on this line that satisfies |OM| =

|PQ|. Find the polar equation of the curve C; described by the point Af when the
point P describes the circle C;. The curve C; is called a cissoid.

(c) (1pt) Find the two points of intersection of C; and C;, other than the pole. Give the
Cartesian coordinates, as well as polar coordinates, of these two points A and B .

(d) (1pt) What is the value of the area delimited by the curve C,, the ray through O and
A, and the ray through O and B? Represent this area on a picture.

(e) (2pts) Find the area of the region that lies between the curves C; and C,.

2. The Earth travels in an elliptical orbit for which the Sun is a focus. The closest point to
the Sun on the orbit, called perihelion, is reached in early January, when the distance
Earth-Sun is r_ = 147 million km. The farthest point from the Sun on the orbit, called
aphelion, is reached in early July, when the distance Earth-Sun is r, = 152 million km.

(a) (1pt) What is the eccentricity of the elliptical orbit?

(b) (1pt) Give a polar equation for the trajectory of the Earth. Make sure to explain
where you take the pole and the polar axis,

(c) (2pts) Find the area swept out by the segment Earth-Sun during one year. Note
that polar coordinates are not necessarily the most appropriate.

(d) (1pt) Set up, but do not evaluate, an integral for the length of the elliptical orbit.



3. Consider the curve of polar equation

_ sin?(9)
" cos(6)’

Yes, this is the lower half of the cissoid C,.

~7/250<0.

(a) (1pt) Find an expression for the slope of the tangent line as a function of §. Simplify
your answer as much as you can.

(b) (1pt) Find the horizontal and vertical tangent lines.

(¢} (2pts) What is the concavity of the curve? Start by simplifying the expression for
d?y/dz? as much as possible. Be cautious when performing this calculation, since it
may become a lengthy one.

4. (a) (2pts) Find a Cartesian equation for the ellipse of foci (1, —1) and (1,1) and major
axis of length 4.
(b) (2pts) Find the Cartesian equation of the hyperbola of foci (—1,1) and (1,1) and
asymptote y = -z + 1.
5. Consider the curve of polar equation
_ sin®(0)
" cos(6)’

Yes, this is the part of the upper half of the cissoid C, that lies inside the circle ;.

0<06<L n/4

(a) (1pt) Give a Cartesian equation of the form y = f(z) for this curve. [Hint: Start by
expressing the quantities y?, z°, and z — 1 as functions of 6, then obtain a relation
between these quantities where 8 does not appear.]

(b) (1pt) The parametric equations
12 t3
z(t) = ire y(t) = 3@ 0StSime.
also represent the given curve. Determine the appropriate value of t,,>. Verify that
z(t) and y(t) satisfy the Cartesian equation you have found in (a).

(c) (1pt) Using the latter parametric representation, set up, but do not evaluate, an
integral for the surface area of the region obtained by rotating the given curve
about the y-axis.
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