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Products
Scams



Quotients

Product Create a larger vector

Space where
two nectar space

live as subspaces

VxW a yw Vell WEW

yw vid Vtv Utd

C yw Ct Cw

Sometimes called External direct

Sum and denoted X W

V and W are identified with

akiko ad 9o3 w respectively

T

Swims



The sum of sub spaces V
and

W living
inside a common vector

Space 2

Is 1kW Vtw Vell WEW

and it's the smallest subspace

of 2 containing both Hand
W

i.e if XCZ and XCX and

WCX then Vtw CX

if Vnw 903 then we call

Utw a direct sum and

Instead denote it as View

Prep
V Wit Wz

V I W We V Witwz

uniquely



qty
for w EW and WE C Wz
Leach 4

Prooff
I Suppose V nWi

Wz.xwttwzandVwitwz1foeWi.wEW and we wz'eWz

W Wz
w t wz

wi w wz wz

an
W Wz

So Wi w EW hWz of

waw
and similarly wz wz



l If ve W two

uniquely for
u EW WzEW2

then clearly we have

W t Wz

Let XE Win Wz

X X to ble Xew

0th b c XEWz

So by uniqueness this

forces XEO.me



E IR X x axis

4 y axes

1122 X K 9

112 V xy plane
Weyz plane

1123 Vtw but

the sun is not direct

bk knw y
axis



Quotients
Wcw subspace

Let vell

The coset view Hwa wew

is the set of translates

of by elements
of W

The point of
corsets is

they break It up into

smaller pieces

V U Vtw
VEY

in fact two coats are either

equal or disjoint so the

d l



union collapses into a disjoint
union

Exagple Vw g ao x EIR

X axis

y oil

What is the font Vtw

___ ae

e
w

An element of view looks

like
W



Vtw for Some WEW

W yo
for some X

So an element of Vrw

looks like Xi for XelR

So xtW xn X c 1123

Vfw
Vs Wivell

Seh of all cosets
Otw

Zero 9

define
element

CAW vfw Cvn'JtW

C Vfw ex W

these operations turn



se 1

Vfw into a nectar space

called the quotient of
11

by
W

The idea behind
the

quotient space
is it will

crash vectors in W

G a single point

Propi Two coats

Vtw and vkW in 111W

are equal y v E W

In particular new Otw

ve W



L

Proofi Exercise

Exi 11 1122

W X axis

Cao X EIR

what does Vfw look

like

y Carb e V

VtW atx b n x EIR

In 14W doe hare

Vtw Co b I W because



COPY

qb lo b a 9,01 EW

So Vfw Cab W be IR

and you
can show that

v w E y
axis



Deditgettful

Propes If WCV is a subspaces

there is UCY Subspace
such that y U W

Such a subspace is
i

called a comment of

W in 11 so this prop Says

complements always exist

Propi If VE u W then

UE V W i e



quotient
spaces

2
complements

Propi If u W E U Z

then W E Z i.e

Complements are unique

up to iso

Prof
dimCuw7a_dinluIoodiinCwjdimCv1w7adimCv1d.info

direct Suns and quotients

de l



behave nicely with
diners sin

Try and prove
these

as review


