‘Rank

matrix” counts the max.
independent rows.

trix” counts the max.
endent columns.

er of linearly 1

plication: Given a large system of linear
ns, count the number of essentially
nt equations.

= The number of essentially different equations is just
the row-rank of the augmented matrix.
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heorem

row-rank and column-rank are equal.

is property, we can just say the “rank of a
eans either the row-rank of column-rank.



Whyarow-rank = column-rank?

n vectors are linearly dependent,
ly dependent after any

ation

inearly dependent




W-rank = column-rank?

ration does not change the

| | nt, apply to the transpose
matrix, we conclude that any column
on does not change the row-rank as well.
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olumn-rank

ity matrix.

-rank and column-rank of this
“‘normal form” is certainly

the size of this identity submatrix,
and are therefore equal.

ank = column-rank?

Apply column reductions.
row-rank and column-rank

do not change.
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Discriminant of a quadratic
equation

2+bx+c = b?-4ac.
* the roots are distinct or not
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neans that the two roots coincide.

(o - B)?

Vv




JJSC _jm S mvarlant

e u= x - intoy = ax*tbx+c, ( is
then the discriminant of
; a polynomial in u, is the




PDeterminant of a square
- matrix

ant of a square matrix determine
iX is invertible or not.

invertible




ninant measure the
area

ant measures the area of a

1e “parallelogram” in n-dimension.

| ninant is zero means that the columns
vectors lie in some lower-dimensional space.



)313“]] ant IS Invariant
dInder shearing action

n = third kind of elementary row
tion
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Renk of a rectangular matrix

matrix counts the maximal
independent rows.

‘ ne imal number of linearly
pendent columns

1 Integer.

1atrix is mxn, then the rank is an integer
en 0 and min(m,n).



Rankiisinvariant under row

and column operations
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somparison between det and
| rank

RANK

= Integer

C

o e '@ Defined to any

rectangular matrix

2ro det implies
ce of inverse. @ When applied to

det is zero, we only square matrix, rank=

| at all the columns implies existence of
or rows) together are inverse.
linearly dependent, but
- don’t know any
~ information about subset
of columns (or rows)
which are linearly
independent.




: Definition

A

\ _CtOI' y —
"
n

ne Ch01ce for the
ST h that

form a basis of




plication: scalar multiple of

staysin  as well.




1 a basis of




1K as dimension

the rank of a matrix is the

the subspace spanned by the columns



Example

X—2y+z=0

The three row vectors

ie on the same plane.

Two of them is enough
to describe the plane.
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