MATH 121 MIDTERM, OCTOBER 15 2014

Name:

Please answer each question in the space given. There is an extra page at
the back of the exam for your scrap work, but that work will not be graded.

Please write neatly. If I can’t read your answer, I can’t give you credit.
Good luck!
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(1) True or False.
Z (a) The vectors (1,0,0),(0,2,2),(2,4,4) in R® are linearly indepen-
dent.

Fa\se, 2.{1,0,0) +1(0;2»,?.) - ('L,‘f,cf) =0 qves o
\inear egendance.

(b) Let V be a vector space and let & = {uy, ..., un} be a subset of
V. Then « is a basis for V if and only if each vector v € V can
be uniquely expressed as a linear combination of vectors of o.

o 15 8 besis W i lerly Wdbgondent a5 o spanning sk 3V,
T‘(‘UQ (’..w.'j veV  can be expcsfed o8 o lncav—  combingdron o Ve hors
ok o o is o Spanniy Sek. This exgrion Vnigu, R L
g \V\J-b‘uz-—M
{(c) Let V and W be vector spaces. Let f : V — W be linear.
3 Moreover, let {u1,...,ux} be a linearly independent subset of

Range(f). Choose S = {v1,...,u} in V such that f(v;) = u;
fori=1,2,...,%k Then S is linearly independent.

Sugpes-e 5 & ad lml‘j Wlepondent. Than T lienn W&,ﬂd‘m“a..:é
True OV ke ¥R, O, Tha 0oy, « . tau) = amiees Gty

8\-’ W‘dﬁnﬁ \“LL"I-M(I,NQ O‘F 1“\ .--N\CE) 0\” C\; = 0 ; OJM:&% ﬂ(}.Y“W NIV‘—(‘

fiud Wﬂ& al) G =0. H,a-w g NUS+ be [Wo\a"t i‘&A—CW"‘
(d) If dim(V)} = 5 then V cannot be spanned by four véctors. ’

3 (i,-tiMV';S‘ eang % bﬂ'\S(S O'F V wl 5-9/1@?\'%\"1'5. l“ ?&r'}ftd‘ﬁ‘r" 3’ S_ 't\f\-crnrin
(:NQ?MAA' veeders in \/ &1 a Pnot»sihbn i AX’.&F}, Fhe Ae. of W:Q lw\uw'J

Teve g ; ;
Sk s 5 dee Size of Spowming ot So Lwe  camn
4 veddsrs  LIaeh oo V., Wj f kf) Poove

1y . . 3 1
(e) (2> is an eigenvector of (2 4) .
3

(i"'f (7‘-’—): (15;) ‘:5(‘2> ‘ 30(2],) K an -@rf)—w\vcod*or
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(2) Which of the following are fields? Z/5Z,Z/6Z,R,C,Z, Q7

b 2/512} m, C, L. ace Selds.
2/62 i3 not loe,awfe, Some dw-\nflrs do act houe MU,‘!“?%C«QW MVUS“&-"»

ey 2.
T 5 ot beee some lets & nod hame rwleplt cabme Maresse

AR
(3) Which of the following subsets of R* are subspaces of R%?
(0 a) {(0, z, 2z, 4z)|z € R}
b) {(z% 2%, 2%, )|z € R}
c) {(1,z,y,0)|z € R}.
6\) U oa 6&5?&0& because F 5 a Sbset of ﬂ{q, 5°W4WK5 QD«'OJ o ) /
¥ dsed wde odihon  ad & cloged  udor  palitplicedion 17
& Scekoy,
B % net be ot e H 5 net losed Unelar adeitve n

f/} soasl beconse & clw—S not Conbain (‘91 50, 0) .

(4} Define what it means to say that two vector spaces V, W are iso-

morphic.
Twe  vector Spaces V, W are Tomghec F 3 an verhble
Yntewr Freoonsforomadaon TN =W,

b
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(5) Consider the map R : R? — RZ given by rotation by 90 degrees

counterclockwise. .
a} Pick a basis for R? and write the matrix representing R in that (MS 2 Pm)
basis.
R
?(‘(,lt. \sASrs ig"hf of @?‘; [ e, = (l,o) ¢, . ﬁ
Ep = (01 f) . 2 ;-}‘

Makax for R Um\msfcc& to s oasis g

(7).

b) Show that R is invertible.

By debodron, R T et Y Se LU sehd o b dune
M S = TN :sz— ‘\mi 5'1/\40-“’:3 K&
3 \njeehve g Suejedt
let s =R Mk, Snee, R-E0 T
SR ROR= & =Td ks su#iwé}v
RS = Q&7 =%'=T4. shows Aot (&35
i.«-.'\){d'WE. o
H%u,) YL s (avert e, | fhav Aot R &
Surjeofiva.

c) Find a nonzero polynomial satisfied by R which is of minimal
degree among all nonzero polynomials satisfied by R. Show the
degree of the polynomial you found is, in fact, minimal.

Take 000 = v\, T Sabssfres Al Qolvm»:,q P00, n olter wards,
Lo P (=0 . {5)

Thare are pwé-r(:h, uat)s > arine o 900 One  com Cor-th e podveces Lor
T, % &, R ke of o b §2,223, and fird ne leear ,,tb\maw,
‘Oex*www )ﬂrwm Yy oksecvation. On one can oYserve dlad ((Lf

B sakesdes da eoljnow«h qlR) = x1-1.  Since L are Laalp.»:j “Q{-

& ?o\jv\uwﬁm\ 91;"‘“"“5""‘“'\ ’A‘f)m -Q&L,— Cx) (_ow.r&) 75

(}( O(x""—\) R cabssdres vne of dine «Qu.&vrs vww-«d:j el >



N"V\' e shav st PC)O, of aLLDM 2, et wainimnl Aﬁm M/\ﬂ oMl o e
()o\«jnm\s Sodisfred Lj K.
W suBces do Show A & does ot sbkf@ iy pObnovaw‘) of %m o

or V. Suppre R dred. Thr we'd have  Some plynowtod 40 of degnee <L S

S qR) = ak+a,T =0 for Some 0, 0, ¢

W 4 =0, we hawe o, TL=0o S = f)ossru.:; E-(r a,= O,
“This wold  mean q()C) =0 , e a""“w e Q;;%MM (1@(') T Monzgerv |

Woto, we have R= ~227 g o hud @ oo
muthple of  Abe ?&mh*‘a.

‘E’L)'\' awj Vef?\'l 5 an -L\S‘Dmvwéor £or oo Scalon mu]&l\fle of A ?c’%%&la’
While, (?\ Ts V_L_Oi_ Oun e.rsw\k.dar *C‘W" R. So K ot €=\UOJ\

o Seseoc wlble of A ey

a Scalav

Neconclade dok B doos ndk sebesy Gy pelynomiall of  dlagoee <2,

0 A &Lbfm,ag \)Cx)= el 5 deed mtat ol O«Meﬂj e of-csmos
9& all  nenzes ?oljnauxa-\f ka‘sge(k '07 ‘l, 239 A-QS?HLA.
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(6) Let V be a 9 dimensional vector space over a field F.
a) Define the vector space L(V, V) and give its dimension.

o As sk, LYY i e sebof all e rupr TIVV
TD ACL"‘" &(/u'\“'mh T i’(vpv), ai\"‘”\ _[‘IIT-;:_GL(-V/V)) (TI-‘{'T-;,)\/ T—TV*T;.\/A
T debire wbh(ﬂﬁca}fo\n \9\1 o Sc.o;lam, 8‘\% Tei{v/\,u)’ ce ’{1‘)

cT) v C(_Tu), Tlas JL{-QQ 'i.(V,V) 4 @& veoker Spnce

2

E i(VJV) \N»~S cﬂ.\«.w-sm (dlm\;‘)l = % \ .
b) Define the multiplication law in £(V, V).

b for fwe waps ST € LIYV) we dede ST a g
mgothon ST of o dwe msgs Thakis, (5:7) ve S(T0)

c) I T in L(V, V) satisfies T - T = 0, show that the dimension of
the null space of T is af least 5.

lo We are giwm o W mag Te £(UV) A TT =09,
Tt gons (T.T)v =0 e oamvel By oo
defimbion; 0=C D v = TETOY) | Lo oy vV
S il T 2 (“MﬁezT- 3», & Proposifan Axlec &
A s Pode drmspesd and B 3 4 shspace of A, Fn oh B Shiv A .
e i Wl T 7 din Cange 1.

On dne ohber hand, by dne conle-ralleby Auarenn,
A= dw V= A adli T + das M‘SLT'
Mawee 4 = &WM(T-ND:_:%&,,T < 2 AT
Wt 3{_ S b Al T ov GICWWW (Sonce, M‘T\\SM MHUMB

b. (¥ - 4
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(7} If W is subspace of V, show that L(V, W) is a subspace of L(V, V).
16

To shew At 'L(V, W) ¥ & $ubspace of i(\/,v), we st
oo A @A) s a shsdh of TLV,V)

@) ZIVW)  Gonteins ©

® 2 5 chsed under  addibion
@ i(\’;\r\)) 5 clesed onder  Seaor 'M\M\\PhCm'\NA,
u"—' ?mo -’t(um \’\‘?fb‘

G'.:\.ema-j
® - 'Tei(\/,\f\})l T M o e e fom V & W

§m LJ < V, T Lo v

V%V (u‘m \ &Lﬂu'j wd\ &,C«MQMM asamz\()&w«
H Se \Mo.je \"‘"WW o M (V\Side L\)) ﬁwl ’[L\)s o TS5

§+ﬂ\ l‘\\uw go T G also ke Confidaned a5 an glevmend o{:

2OVV).  Howe 3VW)  can e considiod a8 o sgbset of 2

@ \.W 0. VoW fw@f Serds Y b 0 W s e odiibwe
\«:‘\,(_,..&Q:) w LVIW). We WLJ hee on dle O\SS\)‘W\@MM W s
6 Shpace of V wmd hemce  corttins O o e dbed He 2ens
mop extde w ALv,W).

@ G'IM -T:; T‘:__ Gi[V,W), We. d,a-fw,A ("T:-i—-‘[;_)v = TVT'T\/

5. S\ww\—;ﬁ CJ{:G?M,, W g C{OSQA ndoen aAalf’l*ﬂn‘ [—&MC@__ T:U,TVG\A}
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5 Hoee STy el 8 oftv) ¢ W
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Page for scratchwork. Nothing on this page will be graded.



