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Linear system in two unknowns
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Matrix dimensions and entries
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Pivot entries and row echelon
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Gauss - Jordan elimination
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1. Optional: Pull out any scalars from each row in the matrix.

2. If the first entry in the first row is 0, swap it with another row that

has a non-zero entry in its first column. Otherwise, move to step 3.

3. Multiply through the first row by a scalar to make the leading

entry equal to I.

4. Add scaled multiples of the first row to every other row in the

matrix until every entry in the first column, other than the leading

1 in the first row, is a 0.

5. Go back step 2 and repeat the process until the matrix is in

reduced row-echelon form.
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Matrix Addition & substraction
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Linear combination & span
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Linear independence in 2D
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Linear subspaces
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= Possiie subspaces

S In fact, there are three possible subspaces of R2
1. R%is a subspace of R?.
2. Any line through the origin (0,0) is a subspace of R2.
3. The zero vector O = (0,0) is a subspace of R
Similarly, there are four possible subspaces of R?.
1. R?is a subspace of R’
2. Any line through the origin (0,0,0) is a subspace of R>.
3. Any plane through the origin (0,0,0) is a subspace of R?.
4. The zero vector O = (0,0,0) is a subspace of R>.

And we could extrapolate this pattern to get the possible subspaces of R”,
as well.
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Basis of Subspace
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Dimension of Subspace
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Existence theorm
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Dot product
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Cauchy - Schwarz inequality
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Vector triangle inequality
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Prove Vector triangle inequality
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Angle between two vectors
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Formula for angle b/w 2 vector
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Eqn of plane & normal vectors
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Cross product
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Multiplying Matrix with vector
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Solving Ax=b
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Dimensionality, nullity & rank

r D'\mznsionmlka a vekor spaR (Qjo.rs fo no 3
bass veuors \:éld D spon ok spoce

No\\ifa ond Yonk

~cong\dey o  matrix

onuert o redvwd
Yo Ldﬂo_lon&DrM

Xl pS% x'} X‘f

[ o RO s
L IO T s s,
0\ 5

-Noltt\a s d»(mzmi'ionqLAU oé noll Srqc_Q

DiwmEwiion . Null space
AT VAR
Dive (N (#9), V\uild\} H‘r}

X, =13

V\ulld\/ (& = 7;7. = Xq| &2
3

Ya. G;;S

NI = Spaw L?)

> 2qua) to o OJ‘Sru

olommn

-2ank s olkmcv\i"sonaba 06 2T L

Dimewsiown (ol umn (FO\C&

0 o\ EqUaJt fo no ¢H F(UD{-
RGO (2'lomns

DIM(CAY) , vank(H)
rah\‘(w\r\ =3




'R)pk nuIIity theorm

- LK T:U> V be \wnaar ‘\'fam%&orfv\oi\on JV'OM U'I'O
N vwwnire L4V are J\.m.’fQ Aim aenswoA \Vvedor

SPQLQS ew
Rank(x) + .No\u\-&u‘)_ = dimenson od @
: ?vood:
Lk pim(ul=a N I N R N

| = NQT)‘ tS SUbstc.m of U " s Adwmanion S

<A and s Oasis Pe S= (L, X, - - _"13
‘b§ 'Lxl-mns\.of\ teorm | S can e Wxtanded
° S’ = QK &, —. ;..s'“g.,“'”‘nls‘-’d\ FwoXr

S Dasss oJ J |



2 NURTIVY INES JUA SR FESRERE LA SN FTW
bz\onﬁ LL | rnra_q. RN |

" v il o T Ren), TUX,,, ) = - T(Xn)
| jorM base) Jor ?\(T) , TO Sho \'V\Q.T Sm-.m bascs |

| Thew \inecay s?ow\, s &)

‘\’J < € R(X) Mman It MmusSt houvs_a .P'&:.M%TQ’.(
6= 1Tw) tpx belong to L

B:_ th]x' -+ q;“._-- qu‘_ [ Qn‘,\) .
B= AT (%) +a, TR, ) — - AeT4,) - - A T&n)
% =4,0+4,0 --— Rext TXKR) =~ quT(&,)
¢-= Ap41 TCAHL) * = = 0, T pn) |
AnJ € & RY) caun be expressed aq LT
L. .'\W(zj ar LY
ler tneve. 2xiSF Grgy ,Opy = = An E€ SO0n tnok
ety T(Kp gy ) * Qrqp TCK, D) - —  =O |
T X, & K -~ ) =D I Tis linear tx
=D AenKrt 4 pnXKery —= AnKq € N(T) hwee cOa
bll ex?m«.qd a¢ Lin@cr L.DMbl:.th\:Oﬂ.c:}

bass o] N()



Y 4

Sene 1 Xy = = X, (or bass (ov s

ore LT

—<

33 : ‘on thweor \4_‘_]2@&\5' o) O

Prove,

ol rangs
|




Transformations
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Linear transformation
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Rotation matrix
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If we're rotating in R2, we’re rotating counterclockwise around the origin
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If we're rotating in R, the transforming rotation matrix will be different
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I 0
Rotgaroundx = [0 cos® —siné
|0 siné cosé |
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Rotg around y = 0 | S
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Rotgaround- = | sin@ cos@ O
- —— 1]

And the transformation to rotate any vector ¥ in R® will be
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| 0 0 1] |3
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Adding and scaling linear
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Projection as linear
transformation
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Proj (@ + b)= (@ + b) - )i
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Inverses




Inverse of Transformation
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Only square matrices are
invertable
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Matrix inverses, invertibles & W
singular matrices
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Find inverse using adjoint
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Properties of inverse of matrix
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Properties of adjoint matrix
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Singular & non singular tx
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Determinants




- Cramers Rule for solving

- systems

For example, given the linear system of two equations in two unknowns,

ax+by=d,

azx + bzy = dz

- e

we can say that

D y .
x=—,y=—,wWithD #0
D
where
a b d, b a, d
D=|e= «=|,D,= | =|,D = [= o
a, b, : d, b, . a, d,

- Or given a linear system of three equations in three unknowns,
ax +by+cz=d
ax +by+cz=d,
X +byy+cz=4d;

we can say that

Dx D)' Dz H
X=—= y==— z=— WithD #0
D - D D *
where
ay b ¢ d b ¢

a dy c a, by d

D=\ay by |, Dy=|dy by &|,Dy=|ay dy &|,D,=|ay b, d,

ay by o dy by o

a; dy o a; by dy



Properties of determinants
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Determinant of triangle matrix
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Transposes of products, sums
and inverse
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Properties of transpose

) .?Yboz .AQT \S .S]Mmekrzc_

- (r_.A-)Ts Lpf.r

?roo\‘ Tare moxvix LA means fu QE] e oj&
mo\nm ?d K
ven lc -\-rwss?osL
Then Yfalte Duk k£  as common

(AB) = A
?vo_ca’. & = (o . B = QMJ)
AT,___ (Q];) ' B =(bj9

men (A %5; é\_ (Qip.b,,_jjr
k=

n
=% a jr-bz.i
=\

A

= 2 .o
PRy Z-la)l.

vy



>That (S whd_i-l- (s colied ‘iﬁ' null space o\gﬂ-
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Subspace Symbol | Space | Dimension
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Properties of rank of matrix
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Projection onto subspace
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Transformation Matrix for basis

'TVOV\S\\orMihﬂ Jrom alter nake bOSTS

T!.‘l \'\t:_"\r§ N pRers Tr qn?&orm .Lﬂa t'n st bos@ -2
TCX) = AR
Tow\ W e krowsjormattan in Skd base wWe <an
Ptr\sorm the same *FqnqSorM akion 1N terMms ?}
dijjer £ nk bnS\b
[T(x)] C Ac_[x] Ves oy ?Jbasls matrex

i\b

Qj;ﬂmu\ ve or 1A ck\\QVQv!’ bﬂ‘i\5
Lonort oekor to std bas\s X
A?Pl ¥x n sroh bass TQX)
(onGerChadk fo qit DGS\Sth)L

APPlg -l-rans‘)arma.\'iOn (n d;\\QV‘QV‘t b05’\5

']ranqjarmed Mmakrix = BE }U




Orthonormal
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