CHAFTHER I

Insroduotien

The comcept of a group ls probably the first Instsmnce of
mathematical intulition ahoﬁn by markingdg 3 the ernamentstions ef &
peried as far back as the Sumerian era sbow a keen appreciation of
symmetry principless It is, therefore, mot surprising that attemptis
to understand the éubject were nadé very early, though in the begi-
nnizg they were mostly im the nature of 1selated Individwal efforts.

N y .

Oncé the secatiered fadts‘iere organised, a rapid develepment fellowed

resulting in a well established theory by the turn eof this cemtury.

In spite of its clese commectilien witkh the symmetries of
physieal‘éystena, the actral applicatienm of greup itheory te physies
had te wait fer a lenrg tiia, partly due to the abstract mature of
the theory and partly due te the initiazl reluctamce of physicists
to accept'the theery as a natural mathematlcal teel. The first
difficulty was'surmmunted te a great extent when the concept of
natrixiiepresentatieﬁa was imtreduced by Ereheniousl and Schurz. The
psychological reluctance, however, continued te prejudice the physi-
cists in using alternative methods whenever pessible and te emploey
group theery only as a last reserts 1t was after the spectaculsr
suecesses in several flelds where the conventional methods either
failed te preduce the desired resulis or were teo cunbersome te work
with, that the theory of gZreups was accepted as an essential mathe-

matical teel.



The theory of greups enters inte physies through donsidera-
tiens of imvariance of physical systems urder symmetry tramsforma-
tlems. Wkenever a physical system obeys a conae:va%ion law, the
ngiltonian displays certain symmetry and remalms irnvariant under
the correspendlng greunp ef tramaformationse This allews us te unase
tke irredneible representatiensz of the greup for lebelling the
emergy states eof the system. The comnsction between the symmetry
of a gystem and a comservatien law 1m the Hamiltonian formalism 1s,
Bewever, moet ome-te-ome, i.e., the invariance of the Hamliltenian
uq@g#ka'group of tramsformatiens does met necessarlly give rise te
a genservatien law. It has been showns that all symmetry transfer-
matlens of a quantum mechanigal system can be chosen se as te have
elther wnitary or antli-unitary operator represemtations. Though
the anti-unitary tramsfermatiens may have other experimentally

deteéetable conseqmences, 1t 1s the unitary transformations whkich

give rise te conservatlen laws.

The Imnvariamce of an interactlior Hamiltenlian under a synme-
try transformatien cam previde us with useful information about the
final states ef a systems When a quantum meabanigal system 1is
characterized by the eigenvélues of conserved operators, invariamce
of the Hamliltonlan leads to seleection rules allowing transitiens
only teo final states witk the same values ef quantum numbers as 1n
the initial state. The conservatien principles ef emergy, momenta,

charge etcs are examples ef such aselectlen rules.

Another important applicatien ef gg%up theory te gquantum
mechanical systems 1z threugh the greowp-lattices . As indicated

earlisr, the irreducible representatiens of the greup that commmtes



with the Hanilténiﬁn of the system,and its subgroups provide us
with a gset of exact quanfum numbers. ‘The number of such exact
guantum pumbers ls, hewever, not always sufficient to characterize
the states of the system complstely or te show cerrelatien ameng
states of related systems, and ore has te find additienal guantum
nambers te cemplete the sete A cenverient way of doing this is to
omit a small part of ihe Haniltoni;n se that the {trumnecated Hamilte-
nlear bas the symmetry of a larger group. If the part of the Hamll-
tonian emitted is small eneugh to be treated as a perturbatien, the
irreducible representatiens ef the larger greoup provide ws with

gome additlenal quantum numbers. Continuing this precess we can get
a2 chaln of greups ihieh maj give a cemplete set of quantum numbers
to label the states. In the case of physieally significant chalms
the part of the Hamlltenlian emitted at each step is larger tham the
preceding part amd ene'eai use the perturbation teehnique. A collee-
tlen of suceh chains of groups 13 known as the group-lattice. In the
physically significant chalns the head greup, the greup of the zereo-~
erdbr Hamlltenian, supplies us with the configurations and thelr
quaztum numbers. Comsldering the perturbatien te be small, ome can
get good elgehvaluea by dlagonalising the perturbation Hamiltoniam
within the configuratiens.s The quantum ﬁumhera of the zero-erder
gtates are now good and the set of all such good quantum numbers
along the phyaicall& significant chalm serves te characterize the
states and show correlatiens aieng related statea. Caleulatiens

can be further simplified by symmetry adap;ation of the basis eof

the corfigurations te the greup of the Hamiltonian.



