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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 number of

cars observed to enter A or leave 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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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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" (Actually, the correct RRE form, and
correct answers are below in brackets.

You will not lose marks if you assumed

4 S(Question4oontinued) 7 ~ ~~ - the RRE form as given on the left!
@)L'\I)er:éeuoed row-echelon form of the qugmentgd matrix from part (a) is
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[Z a) Find the reduced row echelon formjo A Qo ©0 -

@ b) Find a basis for ker A.

@c) Is A invertible? A

@ d) [Bonus: 2pts] Extend your basis of ker A to a basis of R*, if necessary.
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6. Suppose A is an 7 X n» matrix and that,
there is a non-zero vector x € R™, for which Az = 0.

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!).
e If you say the statment is true, you must give a clear explanation, for example by quoting a

theorem presented in class.

a) The rank of A is n.
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b) The columns of A are linearly dependent.
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c) There is b € R™ such that Az = b is inconsistent.

Darn Wad

oo ) ( | _
(/\,}\é \V@Wkw J/EA ol (0 AS Conals ‘t(“‘“ﬁ%w?'% ‘
Uy o BN <7 AL ineerhil

& Ppxro THrTO

Weme b sl Ax-lb o om anduh en A

£

E‘(zgcg\,;w @ — C@MOVVLM‘W‘ + QWQJM.#?&( " .

N Tk cation (5 o= o |
@ prpac C&uqdwemz})[e)



Q2L

8

0 -1

=0

}, and define a subspace C C M;, by

C={AeM,; | AJ=JA}.

Cz{[a —c} fa,cGR}.
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(Hint: Write A = :: : 3}, compute AJ and JA, and find the general solution to system of

E}x) Show that

the equations in a,b,c and d that guarantees AJ = JA.)

@b) Find a basis for C, and hence find dim C.
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7. Suppose K = [(1) é}, and we define a subspace T C My, by

T ={AeM,; | AK = KA).

a) Showthath{[a } |ac€R}

c

(Hint: Write A = [ d] , compute AK and KA, and find the general solution to system of
the equations in a,b, ¢ and d that guarantees AK = KA. )
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b) Find a basis for T, and hence find dim T. %"‘ ‘;3*7) | = W% [“9?7 )[!D O(] }
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