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Question 1: [8 points] Answer each of the 8 questions below. [Just circle the answer]

(@) A single equation with two or more unknowns must always have infinitely many solutions.
(True/False)

(b) All leading 1’s in a matrix in row echelon form must occur in different columns. (True/False)
(c) For all matrices A and B: (A + B)? = A? + 2AB + B2. (True/False)

(d) If A and B are n X n matrices with A invertible, then det(4A"*BA) = det(B). (True/False)
(e) Every vector space is a subspace of itself. (True/False)

(f) The set R? is a subspace of R3. (True/False)

(g) There is a set of 11 vectors in R that span R'”. (True/False)

(h) There is a set of 11 linearly independent vectors in R17. (True/False)

Questions 2 to 8: Show your working
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Question 2: [2+2+4 = 8 points] Take the matrix A = [3 4] and B = [C d]'
(@) What is: A + 4(A™1)?
(b) What is: trace(4™1)?
(c) Let (X,Y)=trace(X"Y). Verify that (B,B) =0 if and only if B = 0 (zero matrix on M,,).
Solution below:




Question 3: [3 points] Let A be a matrix such that: A> = A . Define B = I — A, show that B? = B.
Solution below:

Question 4: [3+3+3 points] Let S = {(1,1,1),(2,2,2),(1,2,3),(2,4,6)}and T = {(1,1,1),(1,2,3)}.
(a) Show that the set S does not span R3 using the definition.

(b) Show that the set T is linearly independent using the definition.

(c) Find basis of the orthogonal compliment W+ of the subspace W = span(T).

Solution below:



Question 5: [3+1+2 = 6 points] Find the basis S and dimension for the subspace W in R* below:
W ={(ab,c,d): c=a+b, d=a—b}

and find the coordinate vector with respect to the basis S you got of vector w = (4,50,54,-46) .

Solution below:

Question 6: [3+2 =5 points] Let V = M,,,. Show that W the set of matrices of the type [8 g

forms a subspace of VV but the set U of matrices of the type [‘; 8] is not a subspace of I/.
Solution below:



Question 7: [9 points] Solve the system

yi =n

Y, = =2y, — 4y,
with initial conditions y;(0) = 10 and y,(0) = 5.
Solution below:



Question 8: [3+5+4 = 12 points] Define vectors g and h as g(x) = 3x? and h(x) = x + 1 on the
inner product space P, with inner product: (g, h) = folg(x)h(x)dx

(@) Find the distance d(g,h) = |lg — hl|

(b) Find the angle in degrees between the vectors g and h.

(c) Find an orthogonal projection of g onto h.

Solution below:



