
Queen Mary, University of London
MAS317 Linear Algebra II, 2007

Coursework 9

This coursework should be handed in by 4.00 pm on MONDAY November 26th
in the orange box on the second floor in the mathematics building. Late
coursework will not be accepted. Write your name and student number at the top
and clip all the sheets together.

1. [25 marks] Let f be a bilinear form on the vector space V over F .

a) Prove that if U and W are subspaces of V then
(U + W )⊥ = U⊥ ∩W⊥.

b) Prove that if U and W are subspaces of V then
(U ∩W )⊥ ⊇ U⊥ + W⊥.

c). Let f be a bilinear form on R2 given by f((x1, x2), (y1, y2)) = x1y1.

Find an example of U and W subspaces of R2, such that
(U ∩W )⊥ 6= U⊥ + W⊥.

2. [25 marks] Let V = F 4. The bilinear form f : V × V → F is defined
by

f
(
(x1, x2, x3, x4), (y1, y2, y3, y4)

)
= x1y2 + x2y3 + x3y4,

and the subspace U = 〈(1, 0, 0, 0), (0, 0, 1, 1)〉.
(i) Find V ⊥ ( w.r.t. f ).

(ii) Find all the subspaces U⊥, (U⊥)⊥, ((U⊥)⊥)⊥, . . ..

(Note: they all contain V ⊥.)

3. [25+25 marks] For each of the following matrices A over R use the
methods described in (8.9) or (8.11), as appropriate, to find its
normal form N over R and a matrix P such that P T AP = N . 1 2 −2

2 3 −1
−2 −1 −5

 and


0 3 6 3
−3 0 1 3
−6 −1 0 0
−3 −3 0 0

 .
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