



































































































































LinearMaps Matrices

Linear maps f s take vectors in one

vector space to another linearly
T IR 1pm

T
Real n dimensional space

T eats a vector and gives another vector
TJ Te
T E

M
MH in HR

Linearity TCat but atv btw

Multiplicationby scalars commutes with T

T distributes over sons

Projection to x axis

J To

P pi ITE
PE P To

Some linear transformations rotations projectionsshears scales
physical basis independent view

To do calculations introduce bases for vectors then
linear transformation represented by Mxn matrix

J quiet TJ Vitinee
vector write in basisEj

Eviftgiej gE.fi vi EjmxTaeatrixelements



Matrices

rectangular arraysofnumbers matrix elements
in basis

A Es Kay E Ya IL
Q
HoweTIIons

2ndcolumn2 2matrix 2dahedes vector
ai v t ar Vz w

Gz V t AzzVz wz

Mxn matrix has re rows and in columns

Aig element in ith row yth column

Warning Math usually uses 1 indexing Python uses 0 indexing

Matrix operations
Addition subtraction by element

At B
y Aig t Big

Q tog t f Not defined Musthave saree
shape

commutative associative zero matrix 8E 0
A 10 0 1A A

Multiplicationbyscalar KA
g KAY multiply all elements

distributive b At B KAT KB

O Setof Mxn matrices is itself a vector space
Matsix multiplication NOT element byelement

C AB Cig AikBig
Need shapes to be compatible

nxne Nxp nxp matrix



Special case matrix column vector

A I I AgXg yo
nxne Cmx1 next

Projection to x axis

Standard basis I I
v v5tvyy

PT vQ

How to get matrix of P
Act P on basis vectors Istcolumn_Pff 2nd P g

D paltry to 8

Systemsof linear egos
Matrices give compact way to writesystems oflinear equations

A X t AczXz y

A 5 5
3 equations 2 unknowns 3 2 matrix A



SquareMatricest
Aa Az Ain p

Guare uxu matrices are most

at Ani a

n
important special case

I
n

AT _co Represents linear map from space back to itself

A p

A I b n equations cu n unknowns Xi

A physical observable in quantum mechanics

Basis
AB and BA both defined Q why
BUT not commutativel

AB t BA in general
Commutator A B AB BA measures deviation for commutativity

see HW

Diagonal matrix

I X

all offdiagonal matrixelts 0 often don'twrite 0 s explicitly



Identity matrix 1

4
different EYEEE
from context

IT _T identity nap for any J

AH 11A A identity for matrix multiplication foranyA
elements givenby Kronecker delta

Ily 8g to eifse 7

Matrix Inverse

If AB BA 11 then B is inverse ofA Write B A t

A fi D If 1 Q AB 1 BA fi

O B A and A D

If inverse exists then it is unique
Why Suppose B C both inverse to A Then

I c

If A has no inverse it is called singular
A Iof B ft 8

Q AB fog 0

But if A existed then A AB A 0 0
B o

1B
a A is singular



Application Solving systemsofequations
A X t AinXu b

As _b matrix notation
coefs

An x t 1 Anaya bn A AE A 5 if A exists
Inknowns I Ioustants 15 1157
Solution 5 is unique if A is nousingulas

Invesseofproduct
If A B both nonsingulas then AB Ya A

reverse order
why Just check

Ian I


