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LORENTZ TRANSFORMATION

LORENTZ TRANSF ORMATION

Introduction:

The ek
of Sptgiraelnrt;;?sistf;,or;??j:: cI:]ril‘; : f;;mdame?t?l concept in ph}fsics, par_ticu]arly in the theory
change of inertial fl:am =, es how ?001 Flmates of ev§nts in spacetime change undf':r-a
Hendrik . €. This transfounatmn was first introduced by the Dutch physicist

ndri LOreqtz in 1904 and later independently by Albert Einstein in 1905 as part of his
theory of special relativity. The Lorentz transformation is crucial in understanding
phenomena such as time dilation, length contraction, and the relativistic addition of
velocities.

What is Lorentz Transformation?

Lorentz transformation refers to the relationship between two coordinate frames that
move at a constant speed and are relative to one another. It is named after a Dutch

physicist, Hendrik Lorentz.

The Lorentz transformation is a mathematical description of how space and time
coordinates are transformed between different inertial frames of reference that are
moving relative to each other with constant velocity. It was developed to make the
f electromagnetism compatible with the theory of relativity. Lorentz proposed

equations 0 ith _ :
" lengths in the direction of motion in order to explain the Michelson-Morley

"contracting

experiment.
It involves scaling space and time coordinates by a factor that depends on velocity,
known as the Lorentz factor. This results in length contraction and time dilation between

frames. Lorentz transformations are related to only the inertial frame of reference and
between two frames in linear motion that move at a constant

in the context of special theory of relativity.

coordinate a relationship
velocity with respect to each other,

Each coordinate in one frame is a linear function to the other frame and each parameter
describes the direction, speed and orientation of the equations.

We can divide reference frames into two categories:

N irment of Electronics and Communication Engineering



LORENT FTRANSE( IMATION

F'o sum up, the Lorenty ranstormation 1y tundamental cone epran contemporary

phySlC.‘«‘.. ‘"‘“P"C'ﬂ“_\f i the Jeld ol special relativity Ty foundation s in Hendrik Lorents's
Y:’_“rk h"lnglng the Cquationy nt'clvulnmmgnvmm and the faws of relativity togethe
Since then, it hag BTOWN 1o be essential 1o comprehending phenomens ke relativistic

klm‘.‘n?atlcs. tme dilation, and length contraction Fhe Lorents Teanstormation pracefully
explains how space and tymnme coordinates alter hetween v

artous mertial frames Moving a
constant velocities refu

o one another through its mathematical framework, [he
concept of the speed of light ag umversal constant offers a framework for
COII'lprChcnding Spacetime's composition and the interactions between time and spiace,
eyond theoreticy| physics, Lorentz Transtormation has tar-reaching ramifications
Applications include the behavior ot subatomic particles in particle accelerators and the
accurate synchronization of global positioning systems. Its theoretical elegance and
practical utility, which allow us to make precise forecasts and improve technology, are
equally important, The Lorentz ] ranstormation continues to be a reliable guide as we
explore farther into (e secrets of the universe, It serves as o constant reminder of the
inlcrcunncctivil_\' ot space and time as well as the underlying ideas that shape our reality,

Department of Electronics and C ommunication Engineering
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The C(_)ncepl of Lorentz transformation requires us to first understand spacetime and its
coordinate system.

As opposed to thres-dimensional coordinate systems having x, y, and z axes, space-time
coordinates specify both space and time (fout-dimensional coordinate system). The
coordinates of each point in four-dimensional spacetime consist of three spatial and one

temporal characteristic.
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Generator Matrix and Parity Checlk Matyix

Introduction;

LGenerator Matyix:

Cienerator Mutrix and Parity Check Matrix are fundamental coneepts in the field of coding
theory, o branch of information theory that deals with the transmission and storage of
information in a reliable and elhicient manner, These malrices play o crucial role in the desipn
and implementation oferror-correcting codes, which are essentinl for ensiring aceurate data
(ransmission in communication systems and data storape devices,

Generntor mateix of a sonssystematie (nk) eyelle
codes
The pencrator matrix will be in this form:

g, g .. ¢ T B 0 0 0
0 9 g, el gn ko gn h 0 0
0 0 @ @& v s B O O

0 0 0 o 0 gn gn Ly gn k
notice that the row are merely cyelic shifts of (he rwn

basis vector g = [g,,g, S T ¢ k()()...():

A Generator Matrix is o matrix used (o generate codewords in a systematic lincar block code,

Linear block codes are a type of crror-correcling code where cach codeword iy g linear
combination ol the original message vectors,

The primary purpose of the Generator Matrix is to facilitate (he systematic encoding of
information for transmission or storage,

[t defines the linear transformation that converts an Input message vector into a corresponding
codeword.,

In a systematic linear block code, a portion of the codeword directly represents the original
message, making it casy to identify and extract (he message at the receiver's end.

IFG s the Generator Matrix and m is a message veetor, then the codeword ¢ is obtained by

multiplying the message vector by the generator matrix: c=mxG,
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- : ) i A I | \
Fhe Clemerator Matebe allosw e e ervaiion o systemmtie codes, where i it ol

codeword rematvamchanged o pepresents e o measpe, making the decoding
Process more stiatphiony i

LGB ke vtk cwhiere A bt dimension of e messape vector and o the Tength ol

e vodeword ), e e o Hnear mappiog o e A-dimenstonil aessige space o e

.llmvnulnnnl codewond MY,

2, 0rky Cheels Matrix:

A Parfty Cheek Matex e fandamental concept i eoding theory, o feld o study within
information theory that foerses on the design and analysis ol errordoteeting and error
correcting eodes, Parity Check Matriees ave particnlarly fmportant b the context of Hiear
Bloek codes, providing o mechaniam fordetecting and sometimes correcting error that may
ocenr during the transmiasdon o storage ol data, T eoding theory, o pacity-cheek matris of
A linear bloek code ¢ b matebs which deseribes the Hnear relations that the components ol
a codeword must satisty, 1eean be eaed o dectde whether apartienlar veetor i n codeword
and is also used i decoding algortthims, Pormatty, aparity cheeh mateis 2 ota Hnear

code Chis apenerator mateis of the dual eode, €U PRI means that o codeword e Bt U and
only i1 the matrixsvector produet Het =0 gaome authorst Ewoutd swrite this i an equivalent
form, ¢/t =10))

The rows of o parity cheek matrix ave the coelticlents of the parity cheek equations, That is,
they show how linear combinations o certain digits (components) ol each codeword equal
zero. For example, the parity eheck matris

0 0 11
i 'll 10 n]'

compactly represents (he parity check equations,
¢y +eg =

(hat must be satisfied for the (ery ey e on)  veetor to he a codeword ot ¢!

From (he definition ol the parity=check mateis 1t direetly Tollows the minimum distanee o the

code is the minimum number o such that every o - 1 colummns of o parity scheek mateix #ave

linearly independent while there exist d columns ol /1 that ave lnearly dependent,

Creating a_parity check matrix
The parity cheek matrix for o giver
versa), 1f the generator matrix for an

G = [Ii|P),

L eode can be derived from ity generator matrix (and viee

[,k |-code i i standard orm



Generator Matrix and Parity Check Matrix

then the parity check matrix is given by

H=[-P"|I,,],
Because
GHT =P-P=9

Negation is performed in the finite field F,. Note that if the characteristic of the underlying
field is 2 (i.e., 1 + 1 = 0 in that field), as in binary codes, then -P = P, so the negation is

unnecessary.

For example, ifa binary code has the generator matrix
1
G = 10 II 1 01
0@ 1040
then its parity check matrix is

B
‘0
|0

0
0
1

(= ]

1
H=] 9
ik

O

It can be verified that G iz a k x n matrix, while H is a (n-k) matrix.

» A Parity Check Matrix is a mathematical construct used fo perform error checking in linear

block codes.
> Linear block codes are a type of error-correcting code where codewords are generated

through linear combinations of message vectors.
» The primary purpose of a Parity Check Matrix is to check the validity of received codewords.

»> If H is the Parity Check Matrix and c is a received codeword, the product ¢cxHT (where HT is

the transpose of H) results in a vector known as the syndrome.
» The syndrome is a crucial indicator of errors in the received codeword.
> A non-zero syndrome signals the presence of errors, and the specific pattern of the syndrome

helps identify the location and nature of these errors.
> IfH is an (n—k)*n matrix (where n is the length of the codeword and k is the dimension of

the message vector), it defines linear relationships among the elements of a codeword.
c H

» The Parity Check Matrix H is carefully designed to ensure that any valid codeword satisfies
e Parity

ertain parity-check equations, making it a powerful tool for error detection.
C y 4 .
used for error detection, they can also be

» While Parity Check Matrices are primarily .
r error correction, especially in codes that support er

employed in certain cases fo

correction.
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Types of Generator Matrix:

In coding theaty, Generator Matrices Pl o evie bl pole iy e
types of Generator Matrices l'::l;t:fﬂ' UG e it s gl shppgedigprs 1pe wge u fov
types along with bricf cxplanations

LSystematic Generator Mutriz:

A ’ay*at&:r’nzstiu generator mitriz i l’”;“m‘ les et systaniatic linear bloek conles, 1w
systematic code, a part of the codeword divvetly vepresents the ongin messge, mm g he
encoding and decoding provesses more stnlghtforwaed, § e le st submimtiie ol 1
systemnatic generator mattiz bs typieally s identity i

2Z.Non-Systematic Generator Matrix:

Unlike a systematic generator imalt iz, o non-systemmtio e epalor Wi ey ol gt piiles
that o portion of the codeword cotresponds divectly o the sessape. While 1 s o0l vl for
encoding. the absence of o systomatic stroctine iay complicnte decoding

3.5tandard Form Generator Malyix,

A generator mateix s in standard form 00 has an ddentny mateix us s lelmost sulmnitpi
This form simplifies the encoding process and bs often prefesred for its cose of s iy
systematic codes,

4.Canonical Generator Matrix:

A canonical generator matriz i one that s stractured to create codes with specific
mathematical properties. The choice of a cononical Torm may depend on the desived
characteristics of the code, such as performance in error correetion of detection,

5.8parse Generator Matrix:

A sparse generator matriz i characterized by having a simall pumber of non-zero entries,
Sparse matrices can be advantageous in terms of slotige and computation eiciency,
especially in situations where resources are limited,

6.Cyclic Generator Matrix:

Cyelic codes have a special property where cyclically shifting o codeword reaulty in anothier
valid codeword, A cyclic generator matriz s strnetured to create cyceliv codes, simplifying the
encoding and decoding processes for such codes,

7.0rthogonal Generator Matrix:

An orthogonal generator matrix is associated with codes thit exhibit arthogonul properties,
These codes may have applications in communication systems where inferference 16 i

Loncern.

Y Py e 1.7 | ]
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