
MATH 437 HOMEWORK 2
DUE WEDNESDAY, SEPTEMBER 7

Homework is due at the beginning of class. No late homework will be accepted. You may
collaborate on the homework, but your final write-up must be done on your own and should reflect
your own understanding of the problem. Write the names of any students you collaborated with
on your assignment, and cite any help you get.

(All solutions must be supported with a proof, a counterexample, or a detailed computation,
as appropriate. Simple Yes/No answers are unacceptable, even if the question is phrased in those
terms. Solutions should be written in complete sentences and paragraphs.)

• Reading assignment: We’ll cover Chapter I.2-I.3, not necessarily in linear order, over the
next 2 weeks.

Problem 1. Determine the number of times the given curves intersect at the specified point P in
the Euclidean plane.

(1) x3 + y2 = 4 and x3y + y2 = 4 at P = (0, 2).
(2) xy = 2 and xy2 = 4 at P = (1, 2).

Problem 2. Let f(x, y) be a polynomial of degree d. Show that if g is the equation of a line
passing through the origin, then

IO(f, g) ≤ d

unless g divides f .

Problem 3. Let f(x, y) be a polynomial.

(1) Suppose every line through the origin intersects f with multiplicity at least 2 there. Prove
that every monomial appearing in f has degree at least 2.

(2) Suppose every line through the origin intersects f with multiplicity at least 3 there. Prove
that every monomial appearing in f has degree at least 3.

(3) (Extra credit) Suppose every line through the origin intersects f with multiplicity at least
d there. Prove that every monomial appearing in f has degree at least d.

Problem 4. Recall that a polynomial f(x, y) is irreducible if it cannot be factored as a product
f = pq of polynomials of positive degree. Prove that any polynomial f(x, y) of positive degree can
be factored as a product f = g1 ∙ ∙ ∙ gk of irreducible polynomials gi.

(Potential end of term project. In fact, more is true: if we have two different factorizations

f = g1 ∙ ∙ ∙ gk

f = h1 ∙ ∙ ∙ h`

of f as a product of irreducible polynomials, then k = ` and, possibly after reordering the hi’s,
each polynomial hi is a nonzero scalar multiple of gi. Polynomials in two variables are said to have
unique factorization, a fact which is frequently very useful.)

Problem 5. Let ax+by+cz = 0 and dx+ey+fz = 0 be the equations of two different lines in the
projective plane, where a, b, c, d, e, f ∈ R. Determine the homogeneous coordinates of their point
of intersection. (Make sure that your answer always makes sense: you aren’t possibly dividing by
zero, and the three homogeneous coordinates can’t possibly all be zero.)
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Problem 6. (Extra credit.) Write pseudocode to program the algorithm which computes IO(f, g)
for two polynomials f and g which have no common factor passing through the origin. You may
assume your programming language can treat polynomials as fundamental data types, and the
basic operations with polynomials are intrinsic to the language.


