

































































1.6 Subs fR 1.2in text

we've been studying the geometry of vectors in IR n I2,3 7

Everything we've done in R works because

if we can addvectorsinpi according to certain
nice rules

ii we can multiplyueclurs.in yreascaars according
to certain nice rules

Since IR is closedunderaddition I

closed under scalar multiplication C

and these operations obey the other rules above

we call 112 a vector space




















































































































There are Lots of other vector spaces out there

In this course we'll only be interested in vector spaces

5 withinki i.e sets contained in R that are

closed under addition and

closed under scalar multiplication

Definition A nonempty subset 5 of IR
is called a

subspace of 112 if for all vectors I Tye and te IR

1 It J E S S is closed underaddition and

2 tx c S S is closed under scalar multiplication

i
H w.IE I are satisfied in 5
Y

Thankfully no Any subspace of R will automatically

inherits properties z 5 and 7 Io from IR

so we don't need to check them














































































































Remarky i In 2 of the definition of subspace

above we can set t 0 to see that

every subspace must contain 0 1

This is useful for showing that certain subsets of
R are NOT subspaces

For example if I Fei se ta 325 5 then S
z

is NOT a subspace of 1123

why Ok

In fact if 5 is any
line or plane in that doesn't

pass through the origin Thien is Not a subspace

ii The smallest subspace of R is O

This is sometimes called the trivial

iii The largest subspace of R is R














































































































EI Show that 5 11 x 2 3 3 0 is a

subspace of 1123

Solution There are 3 things to check

it Sisnon empty
We'll check that Test If se O R2 o and 23 0

then se Zzz 1323 0 2 o 36 0 So Jes
I 5 is non empty

is closed underadditionit
Suppose that E µ I µ

5 so

I t 2seat 3k O and Y t 2yzt3y 0

We need to check that xty qqeytf.gg
belongs to S

We have

ityDt2CzeztyDt3CKstyD Cse.t2se 3seDt yit2yzt3ys
o O

O t O

O

f Ttye S so S is closed under addition














































































































S is closed under scalar multiplicationiii

Suppose that I belongs to S so 24 2 2 34 0

For te IR we must show that tx ftf.gg ES

We have

tri 2 tra t 3 toes tu t t Zaz t 3 3

t 24 22.2 3 3

t o

0

a the 5 so 5 is closed under scalar multiplication

By i Lii Ciii S is a subspace of 1123

B

EI show that I I 2x 3se is a subspace of R

Solution We have 3 things to check

jtisnon en.pt

Let's check that EI If x o and N O then

Zoe o and 322 0 so Zoe 3sea

i OEI so I is non empty














































































































is closed under additionii 1

Suppose that I peg
and g Yy belongto

so 2x 3 Rz and 2g 3yz
We must show that Itg fatty EI as well

xrtyz
We have

2 se t y 2x Z y 3 seat3g 3 Katya
3sez 3yz

Tty ET So I is closed under addition

is closed under scalar multiplicationiii

Suppose that I any belongs to T so 2X 3 2

For te R we must show that tx they C I

We have
2 tx t Zoe t Dez 3 toes

3see

a tx c I so I is closed underscalarmultiplication

By i Lii and Ciii T is a subspace of RZ
EB














































































































E Show that I seise o is not a subspace

of 1122

Solution The fastest way to do this
would be to show that

doesn't contain 8 Unfortunately C S

Can we show that 5 is not closed under addition

If I f and g E then I je S but

Ity E c

why Because 1 1 10

So 5 is notnderadditor hence S is Not

a subspace of R

Exercise For each set below decide whether or not it is
a subspace of 1123 Justify your answer

I 3 2 52 O

52 LIL a o

53 se E toe toes E ooo

By May se t 4xz I

5 µ se t 3 2 0 Rz Rz














































































































Exe If 72 1Vi Va Ju is a set of vectors in R let 5
be the set of incarnations of vectors from 72

g ftp tw wife t pg
Then 5 is a subspace of IR

Let's see why

Sisnon empty

By taking ti ta tie O we have that

OVit Ott t OF E S

o 5 is non empty

Sisclosedunderaddition
Let 5 and I belong to S

By definition there are ti te tenC R and SiSa Sk E R
such that I t Tt tart the

J S T t Sitt t SuVT

But then

It g It tart the t T t Sitt t Surf
tits Tt t t s2 Tz t t tkt Sk Via














































































































Since each Si E IR we have that I Je S
i S is closed under addition

Iisclosedunderscalarmultiplication

If IE 5 then there are Sr Sz Sia C112 such that

I S T t 52T t t SkTk

Then for any te R we have

tx t Sir Savi t t Sk

tf Vitfts2 Jz t t tsh Tk

since each ts ER we have the

a is closed under scalarmultiplication

Thus is indeed a subspace of R
EE

This type of subspace shows up AL OT

We'll study it more closely in 1.7




