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1. Let X ={(a,b,c) € R® | bc=0}. Then, Ny (E),O,Q) e X /&h&g

A. X is closed under addition and X is closed under multiplication by scalars

B. X is closed under addition but X is not closed under multiplication by scalars X
@X is not closed under addition but X is closed under multiplication by scalars /

D. (0,0,0) ¢ X but X is closed under addition %

E. (0,0,0) € X but X is not closed under multiplication by scalars )

F. None of the other statements is true.
elot W= (O1,9) and V= (0,004). Dhen u v e X ludk
b= (0D €N Mivee X wet clord Und~ odkde.
LT s (e €Y od R CR Huoo &u- ko, fhkeiand bc=0
= Blyke)- Fbc=0

2. Which of the following are subspaces of R3?

(1)’§(x,:c+y,x—gTy)eRﬂw,yeR% L = Aue o [nes
2){(z, y, 2)eR3 |z —2=y—-3 =12} X . '

@A v ) R Jayz =0}« X 4 o sed Zﬂw
(4):{(3;, Y, Z)GR |$—y——z=0} (WU_PL,L{'« b(; & vy

A. (1) and (2)
B. (1), (3) and (4)
C. (3) and (4)
. (1) and (3)
E/ (1) and (4)
F. (2) and (3)

3
) = WM&?OH; t),(o,fg,zbj tnd ¢ W &Mﬁ%@
C’Z) (ﬁ\m U+ w\)&”w/vt (D}O)Q\) (mdlhw %_@__(’ aj.‘Sr &_?ﬂ T
(3) cotkzvins (1,010) and Co,,0) lud et ;&m Sum
(L0, we (B) it e ssof ®

G v plose Hueuwh ©00)and Abcs
a&.Sk{ (15 |

o




3. Which of the following are subspaces of M;2(R)?

X as{[; }]emumiasenty [957 & A |
/{'a b]EMgzla,b,CER} >$‘?MJ\ [')lﬁ[%z)[g?’]} 45

_2a c

(@ b] <
X¢. { c d €Mz; |ab=1; g, d€ R} This set does contain the zero matrix, so it not a
_ - subspace.
a b .
>( D. { c o € Ma22 | a,b,c integers. } — wmm L‘O“;J Jud ws” 2 | o)
.
\ E{ @ € Mz | ed = 0; a,bGR} OO\X
c d .
=~ tonJums Eﬂ pund [O} huck

F. None of the above.
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4. Let W ={(z,v,2) € R® | z+ 5y —42 =0}

a) Explain very briefly why W is a subspace of R3. (You will not need to use the Subspace Test
- use work we did in class.)

b) Find a spanning set for W.

@) Give a complete geometric description of W.

(Remember that you must justify your answers.)

a) W v 0\(3\0/»-53 WJ(/\O omnd Lnc o ag@@pf,au
R’

by Notw Huat W= SZ Sﬂ +4%M)%)\VJ)%€~2§
Spon )\ (=5,1,9), (4/O,A>B/

PUNG l (-5, [ 2) (4,01 )Y ngw W
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5. Let Moo denote the vector space of 2 by 2 matrices with real entries, and define

U={[2 2‘;] € Mo | a,b€R}.

~
(00 = o f;j*b[?gjl)

b 22

a) Either check that U is closed under addition, or express U in another form so you can simply
state a theorem that guarantees U is a subspace.

(For (b) and (c) you may assume that U is a subspace of Mz3.)

b) Find a spanning set for U.

- ¢) Give a matrix A € M3 such that A ¢ U.

(Remember that you must justify your answers. )
O |
o) NOJ('M L = ‘50)0"”% O;-i
A
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6. State whether each of the following statements 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 statement is always true, you must give a clear explanation.

a) X = {f e F(R) | f(2) <0} is a subspace of F(R)
},Q w,&ﬁ)&‘w‘&(xjrﬂ( )L/xé‘/@, ST £€>( |
wd LRy uo = 1) Vel Shoes ek - € X

ANSWER [FALSE

b) If v and w are vectors in R2 and X is a subspace of R® with v+ 2w € X, then both v and w
belong to X.

L \ = {U(lo_) \\(G’QB )\r:(o,]_) jw=0,-D

Meoow y 4210 = (0,0) € X
v .

U= (00)
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6 (cont.).

A

N
c) { [Z Z] € M2 | a,b,c€ R} is a subspace of My .

haw- s (151, 198, [ 8048

Cdh /&.Mcz Wtffa N éﬂ;lﬂ_ﬁ;@?uc/a d{ﬁv(qg

ANSWER [TRPUET

d) If v and w belong to a vector space V then span{v, w} = span{v + w, v}.

@ we padoph ton Govtbuw (hobed)
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7. [Bonus] Give the set U = {(z — é,x) | € R} the non-standard operations
(z, y)@ (', ¥)=(z+2'+4, y+4y') (vector addition)
A

and ‘

k©(z, y) = (kr + 4k — 4, ky) (multiplication by scalars).

a) Prove that U is closed under the operation of vector addition defined above.

b) Show that U has a zero vector. (i.e. find it and show it works.)
Y U= Oelx)omd 0 (-4, e Uk Hom
VOO = ((Fe)4+ (-4, ctx)

. (hax -y i) e U

/

oy We dain 0= (~4,0) « Lok u= (kb0 U,

"

T w@ 6 [Yi A(4) w6, 04x)

= (X"("L/ X)
= U
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