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A homogeneous linear system of 2004 equations in 244 unknowns...

Ay
A, can be inconsistent, ¢ T
B. is never inconsistent and will never have a unique solution. Yo
C. is never inconsistent and always has a unique solution. 1& 6

@is never inconsistent and may have a unique solution.
E. is never inconsistent and has 1760 parameters in the solution.

F. has 1760 solutions or less. (Coa.QA Aaoe ‘-"‘OL} -
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5. Which of the following are bases for R4?

(1) {(1,0,0,0), (4, 2, 0,0), (1, 4, 0,0), (5, 6, 1,0)}
@) {(0,-1, 2, 3), (0,3, 3, 2),(4, 2, 0,0)}
(3) {(-1, 38, =5,1), (1, =2, 4,2), (2, 0, 4,3), (5, 1, 9,4),(4, 2, 0,0)}
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A. All three _ ‘

B. (1) only AS O :

C. (2} only

D. (1) and (2) L o oo

E. (2) and (3) 4 2 0 o - O 21,\;@,/(.44)%
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6. If Aisan n x 2 matrix and B = [1 0

] then the second column of the matrix AB is

A:fch,j CA :l"l&bga)A

A. not defined unless n = 2.
B. the same as the second column of A.

C. the same as the second column of B.

the same as the first column of A. A = Ce, O ['l (\
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E. the same as the first column of B.
F. the sum of the first and the second column of A.

= [C{ +Cy Cg]
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7. Let A be a 4 x 5 matrix such that rank A = 4. Then, q»[

A. ker A = {0}, row A = R5 dive bk« vank A= s = &
B. ker A = {0}, col A =R*
C. dimker A = 4, di 1 A=1 _ -

m ker im co. ,\_m'w}l’w}\: b_q_‘

(D) dimker A =1, dimcol A =4
E. dimkerA =1, dimrow A =1

F. dimker A = 4, dimrowA.=4 Ond 4=MA’:01LM ol sz A i’BWA

8. Which of the following are subspaces of R37?

() (o v ) [o—y+2=0} D a plase gl omgon o & assg R
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10. Which of the following are linearly independent in F[0,27] = {f | f:[0,2n] — R} ?

S = {cos® ,sin? £}

T = {1,sin’ z}
U = {1,cos? z, 3sin® 2} | = cos'x + -;- « 3S(ntx /é‘d
V = {sin2z, 2sinz cosx} SAlX = QSInN CoSrn -~ Od.
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11. (a) Consider the linear system

z + 2y + 2z = 9
3z + 2 4+ kz =
4z + 9y + 3z = ¢

Find all k¥ so that this system has

(i) a unique solution,
(ii) infinitely many solutions, and
\
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(ili) no solutions.
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11. (b) A Norweigan Blue parrot is advised by a nutritionist to take 14 units of vitamin A, 15
units of vitamin D and 29 units of vitamin E each day. The parrot can choose from three brands

of pill (say) I, IT and III, and the amount of each vitamin in every pill of the various brands is
given below:

I IT III
vitamin A 2 1 1
vitaminD 3 3 0
vitamin E 3 4 1

Write down a system of equations, together with all constraints, that will determine all

possible combinations of numbers of pills of each brand that will provide exactly the required
daily amounts of vitamins for the parrot.

Don’t forget to define define your variables but DO NOT SOLVE THIS SYSTEM.
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12. LetU={(z,,2) €eR3|z4+y+2=0}.

a) Find a basis of U and give the dimension of U.
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\ b} Find an orthogonal basis of U.

Y

7 ¢) Find the best approximation to (1,0, 1) by vectors in U.
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13. LetA= |1 2 1.

1 1 2

/é. a) Find the characteristic polynomial det{A — zI) of A, and deduce that the eigenvalues of A
are 1 and 4.

/é_b) Find a basis of E; = {z € R® | Az = z}.

1
| <) Show that [1

] is an eigenvector of A with eigenvalue 4.
1

2 d) Find an invertible matrix P such that P~! AP = D is diagonal, and give this diagonal matrix
D. Explain why your choice of P is invertible.
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14. Define a linear transformation T : R® — R3? by

|27

@ a} Find the standard matrix of T
@ b) Find a basis of ker T.
@ ¢) Find the dimension of im T@id give a complete geometric description of im T. @

@d) Show that if » € im T, then T(u) = 2u.
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15. a) State whether the following are true or false. If true, explain why, if false, give a numerical
example to illustrate.

i) If W is a subspace of R3 and u and v are vectors such that  +v € W, then u and v are also
in W. '

M 4 $€ 9. /.J W: {[0/0;0)}, 6{:(’(/0,‘7) § V= (+,90),
Gt Wb a W@a(y@?, W W, vl bt urvr= (090) W

ii} if A is a 13 by 13 matrix such that A7 = 0, then A is not invertible. TRUE
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iii) {4 €Mz |detA=0}isasubspace of Maz.  Flai o, FALSE
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(Please note that 15(b) is on the next page)



15b) Let A be a real n X n matrix. Give another 3 different statements equivalent to

“Axr = 0 has a unique solution”,
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