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Goals· Linear (iv) dependence

Future goal : Find "minimal" generating sets (i . e . bases)
To do so

,
need to know when a generating set is "inefficient. "

Fix a field F and F-r> V.

Clefn A set SEV is linearly dependent when 5 distinct

Meyers UnES and TXi, XnF not all O sto Xi , +o XpUp = 0.

Call a nontrivial) linear relation
among

u
, .... Un

(The trivial linear rel'n is Ou
,

+... + Own = 0
. )

Defn A set SEV is linearly independent when it is

not linearly dependent ,
i .
e.



u
., ..., un ES distinct and [xin :

=0 X
,
= . =Xn = 0.

E
.

g.
10) O is linearly independent is thi id.

iS

(1) If OES
,

then S is linearly dependent 1 . 0 = 0

12) Is S = & (1
,
-1

,
0)

,
(1 ,

0
,
2)

,

(5
,

3
, 4)] < R3 linearly

dependent ? Need to find all X
,
Xc

,
+IR sit.

* (1 - 1
, 0) + xz ( - 1

,
0

,2) + x
,
( -5

,
3
, 4) = 10

,
0

,
0)

.

I
.e .

X
,

- X2 - Sxz = 0

-X
,

+ 3x3 = 0

2x2 + 4x3 = 0

Gaussian reduction :

(
I - I - S

(- 10 3 ⑧

·
(

%

)



So solutions X
,

= 3x
> I

solis : <(3xs ,
- 2x3

, N)) X ]
1)

Xz = - 2is
Ni (3, -2

, 1)

i . e . Span (3,2
, 1))

,

an infinite set

Have nontriv (in rel'ns such as Ixy = 1) :

3 (1 - 1
.

- 5) - 2) - 1
,

0
,3) + 10

,
2

,4) = 10
.
0

, 01

so S is linearly dependent.
5)

Prop A subset SEV is linearly dependent iff J veS st.

~ is a linear combination of rectors in Svvb
,

i
.
e

. ve spen (SYv)).

if First note O is lin ind and AveO so can now assume

S + 0
.



() Suppose [xill : =O is a nontrivial linear relin amongi = 1

elts of 5 .
WLOG

, may assume
X

,
+0. Then

without loss of generality
- X2

U
,

=

Un- us-...
and we may

take v = u.

& Does this work for S = [03 ?
v = 0 = Syv] = 0

=> Oespano
#) If v = X ,

u
,

+... +Xun with DiF, U.SYvg
,
then

distinat
0 = X

,
u , + ... Xuan-v is a nontrivial linear wel'n

in S
.



E .

g . (3) For all nevigo)
,
lub is linearly independent :

Xu = 0 for 150 = u
= 0 = 0 .

(4) Is S = <(1 ,
-1

,
0)

,
71

,
0
,2)

,
10

,
1

. 11/ER lin ind ?

The
egu

x
,
(1-1

, 0) + xn( - 1
,

0
,2) + X 3(0,

1
,
1) = 10

,

0
,
0

is equivalent to

X,
- X2 =O

- x
,

* Xz = 0

2, kz + Xz = 0

and

((m)%



so the unique solin is (x1
,
xn

, xz) = 10
,
0

, 01.
Thus S is in ind

Is) The set 11
,
x

,

x
,

...
) = F(x] is lin ind.

Problems

(1) Is Ssin
, cos] = R

*
lin ind ?

12) Prove that for STEV
,

Tin ind ES lin ind.

(2) Is 91 , Sinc
,
cos2] @MR lin ind ? Dep-

(1) a sinx + brosx = 0

x = 0 : a sto + bros" -o x = = a = 0

b = 0



(2) Contrapositive AB requir
iB = -A

->


