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1. If the coefficient matrix A in a homogeneous system of 22 equations in 16 unknowns is known to have
rank 5, how many parameters are there in the general solution?
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2. For a nonhomogeneous system of 2012 equations in 1999 unknowns, answer the following three questions:

T o Can the system be inconsistent? &(OLS/&UL« ﬂ WW
o Can the system have infinitely many solutions? - J/—’ !
Z , ! ey ety ok

71 o Can the system have a unique solution?

A. Yes, Yes, No. T A { i&f]
B. No, No, Yes. [_/ , E

C. Yes, No, Yes.

D. No, Yes, Yes.

E. Yes, Yes, Yes.
F. No, No, No. ,
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3. Let A be the 12 x 7 coeflicient matrix of a homogeneous linear system, and suppose that this system has
the unique solution 0 = (0,...,0) € R". & 7>

T T
@ e What is the rank of A7 ,\ |
@ e Do the columns of A, considered as vectors in R2, span R!2? T 2

A. 0, Yes [?/ A *O
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4. Which of the statements below is true for the following system?

2c — y + 22 = 0
r + y — 2z = =2
3r — y + 2z = 4
2 + y — z = 0
A. It has no solutions
B. It has an infinite number of solutions
C. It has the trivial solution
D. It has the unique solution (3, 4, 5)
E. It has the solutions +(4, 3, 1)
F. It has the unique solution (0, -1, 2)
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5. The set S of solutions of the following linear system is a subspace of R*:

0
0

u - 2t + 3y + 4z

Find a basis for 5. \II\U‘ 2?1 4 o Ajj\& ggﬁ/"‘}\@*ﬂ f}iﬁk{%@h)
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6. Suppose a,c € R and consider the linear system in z,y and z: P&&Mc 4@_@, ﬁ\!MMM .

z + z = -1
3z — 2y + az = ¢

(You must justify all your answers )
I: @) If [A|b] is the augmented matrix of the system above, find rank A and rank[ A |b] for all values of a and
c
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b) Using part (a), find all values of a and c sb that this system has

(i) a unique solution, L\J@, '\/\,Q,Q,OQ MA - Vﬂ/LgZ L\}A( (,,;} :‘g =H VM\O,M

C @~ Qse i N«a«o Mm(“")
(ii) infinitely many solutions, or (/JQ V\,@Q@é WJZ/V W/pz [’/& \ %O/& < %
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(iii) no solutions.
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@ 6c). In case b(ii) above, give a complete geometric description of the set of solutions. ,A
W a=5, c=-5, [A (b]~]) ol
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7. Consider the network of streets with intersections A, B, C, D and E 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, D and E 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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(You must justify all your answers.)

%$ 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,...,86.

ND&, (Do _not perform any operations on your eaua‘rmm this is done for you in (b). Do not simply copy out
the equations implicit in (b). You will not get any marks if you do this.)
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; @ (b). The reduced row-echelon form of the augmented matrix of the system in part (a) is

At
1000 -1 1] 5
0100 -1 1| —15
0010 -1 1] 25
0001 -1 0| 35
0000 0 0] 0

Give the general solution. (Ignore the constraints from (a) at this point.)

X= 566 +A-t é@j/éf (a@gm

— 5 +x —t

:Z;l/g + A& -t gy one eror )
xe = =35 + A stk el 5

X = A

X = €

@7(0). If ED were closed due to roadwork, find the minimum flow along AC, using your results from

(b).
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8. onus| If A = B is any 2 x 2 matrix, and the vectors 9| and b are linearly independent,
c d ¢ d

prove carefully ¢ that rank 4 = 2,

(You cannot choose the matriz A - your proof must work for every 2 X 2 maitriz with the property above
every 2 X 2m triz with “independent columns”.)

Ginee [14), L)Y = imigindt, [4]¢ W .
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