MATH 220
# Ma/ 70285

A Vechor space s o  collechion of o]ojwﬁ, called "veckrs"
'H\o\'l‘ you can adl "'Daef'/\lf oad p.;”’fld(/ Ia/ Scalors.

EXAMPLES: ‘Rn — Evuclidean space

}Pv\ — Polynun!als of dejme, <n (uwiaé'e x)
RM'\ — all mxp motrices with real enfries
P — all Polynom:'alj/ No cesthiction oa degree (vor edle 4:)
x+l, -5, x7-3y1+2,
x' Tyt X ek
SUBSPACES: A collechion of vechors S within o yector space \%
s a  sobspace oF V if:
() The =zem vector is ia S
(B S is closed under addition
(A S is clsed uade scalar moltiplicotion

2
EXAMPLES: ﬂD s a saL,_gPace, of ’Pq
ﬂ)s 1S a Sobspace < IP
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OLD DEFINITIONS, NEW sSeTTING:

Ld’ vu, .'T/z, =) le be \’0—0{“'3 In  Some. \ector S‘mc& \/
¢ A l;neﬁr COMhina{';O’\ O'(: ﬁ‘/ -\77_’ vy flk 1S any \)ec‘,‘or CZPPCSS-CJ as
-— - -
GV +CVp +--- ¢ Ck V¢

e The span of N, Ny, ...,'\>Ik is  the collection of all laear

T3

comkinations of 73,/

* The vectors V./Vz,.../'\’/,‘ span S S=s'xan(ﬁ.jﬁ,7,..)m),
* Vechs AV, -, Vi ore |iﬂearly independent if
C,V + CalNp +-+ N, =0
has -only one solution, namely ¢,=cy==cp=0.
]} ‘Here IS any other soloﬂon, -Hw. “U’./le,..,ﬂk ace,
\inewly de,penaleml'.
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Linear Algebra — Day 36
MATH 220

1. Cleo: Here are three “vectors” in this crazy new vector space P2:
fz) =22 -2 +1 g(z) = —5a2° + o +2 h(z) = 1322 — 5z + 2

Milo: OK, I really want to find out whether h(x) is in span(f(x), g(z)).

Cleo: But, we haven'’t defined what “span” means in this crazy new world.

Milo: Why not just keep the exact same definition of span we had before?

Cleo: Seems convenient! I don’t want to have to learn a new definition.

Milo: So, I am asking if we can write h(x) as a “linear combination” of f(z) and g(z).

Group chat: How is Milo using the “exact same definition of span” from before?
SP&,\'. He <ot of 4l linear combinations of some Jectors
Cleo: Don’t we have to define “linear combination” now, too?

Milo: Let’s keep the same definition of “linear combination” we had before!

Cleo: I love your idea! We should try to write h(z) = a-f(x) + b - g(x) for some scalars a and b.

Grou at: How is Cleo using the “same definition” of linear combination as before?
Inear combination’ MUH;P';’ eack veetor by a sca/w/ add them P

Milo: I wrote out h(z) =a-f(z) +b-g(z). So, we must get 2a — 5b = 13.
Group chat: Where did Milo get the equation 2a — 5b = 13 from?

> Rx*-Sx+2 = a(?_xl—x+13 + b(-Sx¥ex+2)

|3xz—5x+_7,_= 2ax® —ax +a  —5bx* +bx v 2k
Group chat: What other equations relating a and b will have to be true? a & < There are two more.
-5 |
|13=2a-Sb 2=0+24 2 _3 | o )y
> VLS s lo -
l 2} 2 Oo|o

Group chat: Can you answer the original question? Do such a and b exist?

at-L{, }) -1 C heck” LHl(K) —1\1(@; L*(ZKL—XH} —1(-5x* 4)(+?_)
=13x* -5x +2 = h(x)

2. (a) Give-a-description of the vectors in S = span (22,z). Can you find a vector in P? that is

not in S7 .
gﬁv[yﬂ-oﬂ«-:a(; ax?'-(-bx '(;’“ SQme /l()MLJQ[_c a and b

(b) Try to find a list of polynomials py (), p2(z), ..., pr(z) so that span(p; (), p2(z), ..., pr(x))
equals all of P3.

3 2
3 2 X t+x+x + 1
X/ X / x/ j— & 2
Xyx+1
(c) What is the smallest number of polynomials needed to span P3? X+ i

i
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3. Can you find a list of matrices Ay, A, ... Ay such that R?*? = span(Ay, Ag, ..., Ax)? What is
the smallest number of matrices required to span R?*2?

4. Review problem: Consider the following (familiar) vectors in R3:

1 2 1
V] = 0 Vo = 1 V3 = -5
2 4 3
Are vy, va, v3 linearly independent? Explain how you know. < Do not just “guess
and check.” Write out
the DEFINITION of
linear independence and
apply it to these vectors.
5. Consider the following vectors in P?2:
f(r) =1+ 227 g(z) =2+ 2 + 422 h(z) =1 — 5z + 327
Are f(x), g(z), h(x) linearly dependent or linearly independent? < Use the DEFINITION
of linear independence.
You should end up
having to do something
similar to what you did
previously.
A
x'.
Coast:
6. Consider the following vectors in R2*2:
1 0 1 1 5 3
A R R |
(a) Quick, are vectors A and B linearly dependent or linearly independent? <Y You should be able to
answer this one within 10
seconds. Why?
(b) Are A, B, and C linearly dependent or linearly independent? Explain how you know. < You should NOT be

able to answer this one
quite as fast.
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