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1. [£] True 2. [1] L= E:a]
[2] False S
: A*[' 2] [2] B=100
(31 A=La EﬂE{;mw?fﬂn are 1,2,3, 4,

E [4] x=[2
[10] T{HL{H]H*[ ] a.bc,deR} : [3]
o1 At=[ 4 3]

b, (n) Lol T : V — W be a linear transformation, where V, W are vector
spaces with bases {v, Vs, Vo), {W1, Wy Wyt respectively, Suppose T{v,) =
wi Wyt wy, T(vy) = Wot+ws, and T(v,) = w;. Find the matrix A [1] for T
uking these basis vectors. What inpul vector ¥ [2] gives 'T["-":I -w, T What
ave T Mw;) 3], Twsy) (], and T-"{wa) [5]7 Find all v's 6] thal salisly

i1 1
T{w} = 0. (b} Suppose T = V —V with T(M) = | , ﬂ v. 0 .|

{00 |Mlo 1)
where V contains all 2-by-2 matrices M. Find a matyix M [7] with (M) # 0
(the zern matrix). Describe all matrices M |8] with (M) = O {the kernel
uf T) and all output matrices T{M) [9] (the range of T). Suppose §:V —V
with §{M) = AMB, where A and B are invertible 2-by-2 matrices. Then
S-1M) = (L0},
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2, Let L be a wnit lower triangular matrilx (the diagonal clements of L are adl
ones) and U en upper Lriangulas matrix, {8} Assume A = LU and B = UL,
Determine the following statements as being true or false: (i) A and U have
the same coluon space [1]. (i) A and U have the same nullspace [2]. (iii )
det(A) = det{U) [3]. Express B |4] in terms of A and L by eliminating 1.
If A is singulor, 80 is B, true or false [5]7? What is the relation [6] between
the eipenvalues of A and those of BY (b} Find the solution of Ax =b,

1 4 7 B
where A= | 2 6 8 ),b= . by the following procedure: (i)
J 6 11 14

Firgt factor A imto the product of L [7] and U [8). (ii) Then solve Ly = b

for v (8] by forward substitution. (il ) Finally solve Usx = y to get x [10] by

back aubatitikiomn.

3, Consider ths real n-by-n matrix A = I+2uu’, where u € R (a colurmn

vector with n real components) and ['ujl; = vuTu = 1 (u”, a row vector,
is the transpose of u), (a) Compute Au and find an cigenvalue [1] of A,
For this fixed u, how many [2] linearly independent vectors (up to a scalar
multiple) x € E" can you find such that u"x = 07 Now, by choosing such
x and computing Ax, determine nll Lhe noecigenvalues [ of A (b)) Lek
E=1-=cuv’, F=1I- ruv", where o, 7 are real and nonzero, u;,¥v € R*
with JJuj|z = ||v]lz = 1. Then EF =Iif vTu = [4}; if ovTu = 5], then E
is gingular. Can A be singular for some a [6]7 Why? Find A= [7] f A
is iuw:rt.ible What can you say about the Jordan form of A [8]7 (¢} Let

-IL': w1} uv', where u, v are defined as in part {Lu] Give the Jordan form

of G (i.e., describe J sun:h that G = IJ]{‘i for some nonsingular X} in two

“different coses: (1) vTueé 0[5 () vTu =0 [10].
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4, (a) Matrices 0 4 and [g i] are similar, true or false (17 (b)

Which of the following muakrices is/are not diagonalizable [2]7 (i) [ g ; ]

@ (oo g 1] m[da] @] o] @{ii]

' -5in#d |2 A |
t—ﬂ‘[ﬂ][ﬂmﬁl cmﬂ]' (o} Let A= | | U-l.HﬁEE[:].‘,than

Ais dmgana_hzahi&, if 3 = {4], then A ia orthogonally dingonalizable (i,
A=0QAQ", where Q is orthoponal and A 18 diagonal), {d} Let P { O)
e an orthogonal projection matrix (ie, P* = P and PT = P) from R"
onto a subspace of dimension k< mn 1||ﬁ.l"h|:-|.l i Lhe minimal polynomial [ﬁ]
for P? What ave the n eigenvalues 6! of PT (e} Find the four eigenvalues

7111
of (i) A= i T 11| [7) (Hint: Consider the rank of A — Al for some
' 1 1 17
0 1 1 1
. 1 0 =1 1 e rpriee.
Ay {ii)B= 1 0 -1 &) (Iint: B is skew-symmetric and
-1 1 U

orthogonal ) (f) Del_'errnine the 2-hy-2 matriz A [9] such thal o), w@g) -
ro.o :
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