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Problem 1 (10 points) Give the definition of the following terms.

¢ modulus (or absolute value) of a complex number z:
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Problem 2 Let 9(2, 2;R) be the vector space of 2 x 2 real matrices and U be the subset

of M(2, 2; R) consisting of matrices L := [L;] such that the sum of the entries of L is Z€ero,
e, Lyg + Lig+ Loy + Ly = 0. '

2.a (§ points) Show that U is a subspace of M(2,2;R).
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2.b (9 points) Find a basis for U and determine its dimension (You do not need to prove
that the set you claim to be a basis is actually a basis.)
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Problem 3 (10 points) Let V and W be vector spaces and L : V — W be a linear
operator. Using only the definition of a linear operator and its range, show that the range

of L is a subspace of W.
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Problem 4 Let B = {(1,:,0),(0,2,0),(,0,1)}.

c
4.a (10 points) Show that B is a basis of C3. Vﬂ/“ Y1, 73 g

¥ (4, c,0) + oy (Q12,0)+ oy Cyo,1) = (0( -1\0(5 2 \'0(\-[-141 5 D/s)
l b o

(5__‘[53\ F'I (51. (”3

<. JL[(S (@ -ipa ]
| A
: , =
T

Trupe ¥ (Pufesfs) €Tk oo Hnle o= ity
‘er“' J (Gz“e (55) o oy %3 e Aanr

(BrifeoCs) = a(c\,\,o),p-( (0,240 )+ Xz Ci3D,1) =3B = Q:@
Mext & pmwfﬂuxf N Linent— /hc&fmol...* |

Lté o, o o(;é,@ WZA 'ﬂt‘f' Q:“"':")‘f‘.(?_(Ola’c)fq;(l(‘afl):)
Tars  coreipond, A choran ﬁ,'—f(sz:(;; ca In (
Al adn i 7%rm/u-ﬂm wheh /'?hf/:'f/a Q’ =, <y =

= B -QMMA/)——,‘)\MMM @

3
® LR =\ "R s « bass *6 N

4.b (5 points) Find the matrix representation of (1,0,0) in B.

K L, o) + &y 09,2,0) + 3 (+,9,1) & (%9,9)

Ly C(teo(2) 79I I‘tff'ﬁs‘h'A.J m 18

I

— I..‘ l
6 .
o



Problem 5 Let B := {(1,2,0),(0,2,0),(2,0,1)} be as in Probleml.], By = {(1,0), (0,1)},
and L : C* — C? be the linear operator defined by L(a, 8,7) = (a — B,B—00-

5.a (10 points) Find the matrix representation of L in the bases (B, Fs).
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5.b (10 points) Find a basis for the null space of L.
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5.c (5 points) Find a basis for the range of L.
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Problem 6 (5 points) Let m € Z* and L : R” — R™ be an everywhere-defined linear
operator. Show that L cannot be invertible, if m < 7.

Hint: Think of how the dimension of the null space and range of L are related.
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F.a (5 points) Show that M is an invertible matrix.
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b (10 points) Find M~ and show that MM~ = I.
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Problem 8 (5 points) Show that for every matrix L, the condition that the trace of LTL

5 is zero (i.e., tr(L'L) = 0) implies that L must be a zero matrix.
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