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Abstract

This thesis describes the construction of the apparatus for the
measurement of the lifetime of the °F, level of Samarium by the Hanle
effect. The construction work involves the design and building of the
vacuum system, the magnetic coils and the laser frequency stabiliser
instruments. The project involved the assembly of the oven and the
fluorescence signal detection system in addition to the direct calibration
of the diode laser wavelength. A technique known as Optogalvanic
spectroscopy was used to calibrate the laser wavelength. The basic
properties of DC discharges and in particular the Samarium -Neon
Hollow Cathode discharges are also reviewed.

The theory of Hanle effect in a three-level V-system is also presented.

A new method for the detection of the atomic beam of some materials is

presented.
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Errata

abstract, line 2) '....the °F; level...." should be changed to '....the 415 65 6p
9K, (14863.85 cm™1)....

page 11, line 8) 'It is the time in which ... should be changed to 'It is the

rate in which.....

page 21, line 20) "..... on the absorption coefficient.’ should be changed to

'....on the laser intensity .’

page 27, lines 14-15) '....depends on Lande g factor as well as hyperfine g
factor.’ should be changed to '....depends on the hyperfine g factor as well

as Lande g factor.’

page 28, last line ) "....for the Earth's magnetic field.’ —should be changed to
.. for the Earth's magnetic field as well as the stray magnetic field from the

oven.'

page 33, line 15) * ....ionisation cross section....” should be changed to

' ....[lonisation probability....’

page 87, line 6) " ....steady state values of ott07 07 into.... should be

changed to ' ....steady state values of ot " into....’

page 87, line 8) .....algebraic manipulation, one can....’ should be changed to

'....algebraic manipulation involving equation (A 1.4), one can....



Planck's constant

h
27

total Hamiltonian

laser intensity
saturating intensity
nuclear moment

current

total angular momentum
electron current density
ion current density
cavity length

inductance

the length of the coil
wavelength of the transition

Zeeman eigenstates

magnetic moment
electron mass
metastable level
magnetisation

Bohr magneton
magnetic permeability

relative permeability



number of the turns of the coil
Larmor frequency
Laser frequency (angular)
pressure
power of the laser
mirror reflectivity
resistor
ballast resistor
generator resistor
coil radius
density matrix

reflection coefficient

cross section area of the coil
electron temperature
lifetime

angular divergence of the atomic
beam

electron mean free path
interaction Hamiltonian
Potential

frequency of the laser
shot noise amplitude

power supply voltage



Vref

reflected wave amplitude

mean velocity of the atomic beam
Rabi frequency

magnetic susceptibility

load impedance





