
Math 332: Fall 2013 Test 1, take-home.

Show your work and justify steps.

Problem 17 [10pts] Let V,W be finite dimensional vector spaces with norms || · ||V and || · ||W respec-
tively. Suppose T : V → W is a linear transformation. Show T is continuous.



Problem 18 [10pts] Suppose R ∈ R is a fixed, positive constant. Let X : R3 → R
4 be defined by

X(θ, φ, ψ) = (R cos θ sinφ sinψ,R sin θ sinφ sinψ,R cosφ sinψ,R cosψ).

Let X(R3) = V . Let F (x, y, z, t) = x2 + y2 + z2 + t2. Show that V = F−1{R}. Let p =
X(π/4, π/4, π/6). Find TpV and NpV . You may describe TpC and NpC as a span or as point-sets
in R

4 given by cartesian equations, your choice.



Problem 19 [10pts] Suppose we wish to find the extrema of F : Rn → R on some compact domain
given by G−1{0} where G = (G1, . . . , Gp) : R

n → R
p. Consider the function H(x, λ1, . . . , λp) =

F (x)−
∑p

i=1
λiGi(x) where H : Rn × R

p → R. Explain what critical points of H yield.


