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1. Consider R3 with the standard inner product. In each of the following, find orthogonal vectors

obtained from the given vectors using Gram-Schmidt orthogonalization procedure:

(a) (1, 2, 0), (2, 1, 0), (1, 1, 1)

(b) (1, 1, 1), (1,−1, 1), (1, 1,−1)

(c) (0, 1, 1), (0, 1,−1), (−1, 1,−1).

2. Consider R3 with the standard inner product. In each of the following, find a vector of norm

1 which is orthogonal to the given two vectors:

(a) (2, 1, 0), (1, 2, 1)

(b) (1, 2, 3), (2, 1,−2)

(c) (0, 2,−1), (−1, 2,−1).

[Hint: If {u1, u2} is linearly independent, then find a vector u3 so that {u1, u2, u3} is also linearly

independent; use Gram-Schmidt orthogonalization procedure. Alternatively, Find α, β, γ such

that u3 = (α, β, γ) satisfies 〈u1, u3〉 = 0 and 〈u2, u3〉 = 0. Next, normalize u3.]

3. Consider R4 with the standard inner product. In each of the following, find V ⊥0 where V0 =

span{u1, u2}:

(a) u1 = (1, 2, 0, 1), u2 = (2, 1, 0,−1)

(b) u1 = (1, 1, 1, 0), u2 = (1,−1, 1, 1)

(c) u1 = (0, 1, 1,−1), u2 = (0, 1,−1, 1).

[Hint: Extend {u1, u2} to a basis {u1, u2, u3, u4}; obtain orthogonal vectors v1, v2, v3, v4 by

Gram-Schmidt orthogonalization procedure. Then V ⊥0 = span{v3, v4}.]

4. Consider R3×3 with the inner product 〈A,B〉 = trace(BTA). Using Gram-Schmidt orthogonal-

ization procedure, find a nonzero matrix which is orthogonal to both the matrices 1 1 1

1 −1 1

1 1 −1

 and

 1 0 1

1 1 0

0 1 1

 .
5. Consider the polynomials uj(t) = tj−1 for j = 1, 2, 3 in the vector space of all polynomials with

real coefficients. By Gram-Schmidt orthogonalization procedure, find orthogonal polynomials

obtained from u1, u2, u3 with respect to the following inner products:

(a) 〈p, q〉 =
∫ 1

0
p(t)q(t) dt

(b) 〈p, q〉 =
∫ 1

−1 p(t)q(t) dt

(c) 〈p, q〉 =
∫ 0

−1 p(t)q(t) dt.


