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1. If A= 8 é i and B is a 3 X n matrix then the second row of the matrix AB is
0 0O
A. the same as the second row of B. WV” B
B. the sum of the first and second rows of B.

@ the sum of the second and third rows of B.
D. the sum of the first and third rows of B.
E. the same as the first row of A.

F. the same as the third row of A. \;%L\
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2. LetA= |1 2 1]|. What is the second row vector of A=!?
2 -1 1
A (-3,1,1 — | -
(=5,1.1) Lty teo)y [ 1 v vltoeoe)
B. (5,-3,~11) V2 1] 010 ~ \X‘Q Lo -l o
— | i
E. (0,1,0) | Ly o o) . 1
F. The matrix A is not invertible. o ' O - -3 ! J
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3 . Find the value(s) of ¢ for which (2, 6, 5, 2t) lies in the subspace of R* spanned by (1,2,2,2),
(3,7,6,6) and (1,2,1,2). :

A. t = —4 only.

B.t=—2o0r —4 | 20(2] (13 1]
C.t=0o0r2 222 6 9 1 Al 2
L ' t1 s | ™

D.t=-2,0o0r 4. 2 o O~ 3
E.t=2o0r4. _ 262 12% o 50| -4
F.t =2 only.
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4. Consider the network of streets with intersections A, B, C and D below. The arrows indicate
the direction of traffic flow along the one-way streets, and the numbers refer to the exact number
of cars observed to enter or leave A B,C and D during one minute. Each z; denotes the unknown
number of cars which passed along the indicated streets during the same period.
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Cy_] a) Write down a system of linear equations which describes the the traffic flow, together with
all the constraints on the variables z;, i = 1,...,4. (Do not simply copy out the equations

implicit in (b). You will not get any marks if you do this. Do not perform any operations on
your equations: this is done for you in (b)!)
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% , g (Question 4 cOntinued)

[\] b) The reduced row-echelon form of the augmerited matrix from part (a) is

ﬁ | ‘ PR

00 -1 0 | —17
oo 1 1| 30
0o 0@ 1 1| 2
000 0 0] O

K= 2 S Pk
X3 = Q0 -A -t ) 4)’( e Tic
o o By ;, 1 ,

Z
i e g

{5] c) If AC were closed due to roadwork, using your results from (b), find
e (i) The maximum flow along DC, and ’ﬁ—- Comedt  + | Just®
(ii) The minimum flow along DC. %- & weok 2 1 ust™
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5. LetA= |, o | ol~ & -1 =1 O | -\ 1
11 2 2 o o | 0 O o \ 0
o -t 2 -l o © | 0
[ﬂ a) Find the reduced row echelon form of A.
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(Question 5 continued)

l] c) Is A invertible? (You do not need to find the inverse, if it exists.)
Mo, simee venk A = 3 < 4 (hy @)
[pp oy shee b A4 fo3 )

d) Extend your basis of ker A to a basis of R*, if necessary. (Be sure you justify your answer.)
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6. Let A and B denote matrices, not necessarily square, and which have more than 1 row and more
than 1 column, and let x denote a column vector (i.e., a k X 1 matrix for some k). )

State whether each of the following is (always) true, or is (possibly) false, in the box after the
statement.

e If you say the statement may be false, you must give an explicit example - with numbers!
(Hint: Try an example with 2 or 8 rows or columns.)

e If you say the statement is true, you must give a clear explanation - by quoting a theorem
presented in class, any by giving other valid proof.

) a) If Ais m x n and rank A = m, then the system Az = 0 has a unique solution. FALCE

24 ke [\o?g} Mew  Siee  2=m<n= 3 oo
Ao 2 < 2= *VM“Q*QW>

@ Conveer + U \j“‘g’\ﬁﬁa“%""‘ (a >,

7 b) If AB =0 then either A =0 or B = 0. FASE

£.9 A A= B [/gﬂ Lo

e N owe B 4 20

,Lc) If B has a column of zeros then A%has a column of zeros. Teve
ﬂ 4
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7. [Bonus] Suppose A is an invertible 5 x 5 matrix and B is any 5 x 4 matrix with rank B=4.
Prove carefully that rank AB = 4.
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