
MATH 437 HOMEWORK 3
DUE WEDNESDAY, SEPTEMBER 14

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: Chapter I.2-I.3
• Turn in problem 5 from last week if you didn’t already.

Problem 1. (1) Exercise 2.8 (a), (m).
(2) Exercise 2.9 (e), (j).
(3) Exercise 2.10 (b), (g).

Be sure your drawings are sufficiently accurate that the results are believable. Note: some of the
suggested positions of points and lines may not be possible. If that is the case, explain why.

Problem 2. Exercises 3.1-3.3.

Problem 3. Let F (x, y, z) be a homogeneous polynomial which is not divisible by z. Show that
F (x, y, z) is the homogenization of the two-variable polynomial

f(x, y) = F (x, y, 1).

Problem 4. Find a transformation T : P2 → P2 of P2 such that

T ([2 : 0 : 1]) = [1 : 0 : 0]

T ([1 : 3 : 0]) = [0 : 1 : 0]

T ([1 : 0 : 0]) = [0 : 0 : 1]

T ([0 : 1 : 1]) = [1 : 1 : 1].

(It might be easier to think about the inverse transformation first. Be sure to check your answer.)

Problem 5. The projective line P1 is the set of lines through the origin in R2. It has homogeneous
coordinates which are pairs [x : y] of real numbers which are not both zero, where we identify [x : y]
with any nonzero multiple [tx : ty]. The finite line is the set of points of the form [x : 1], while
the point at infinity is the point [1 : 0]. A transformation T : P1 → P1 of the projective line is a
reversible change of coordinates

T ([x : y]) = [ax + by : cx + dy].

Equivalently, if we write the above transformation in matrix form as
(

x′

y′

)

=

(
a b
c d

)(
x
y

)

then the matrix

(
a b
c d

)

is invertible, i.e. the determinant ad − bc 6= 0.

Show that if [x1 : y1], [x2 : y2], [x3 : y3] are any three distinct points in P1, then there is a
transformation of P1 which carries these three points to [1 : 0], [0 : 1], and [1 : 1], respectively.
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(Hints : a composition of transformations is a transformation. It might be easier to think about
the inverse transformation. Emulate the proof of the similar result for P2 from class.)


