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Summary

This thesis describes some interesting uses of an oscillating magnetic trap to ma-
nipulate a cloud of ultracold 87Rb atoms. Although rubidium is a metal at room
temperature, it has a finite vapour pressure of atoms which are in gaseous state.
These atoms are slowed with resonant laser light and then trapped in a magnetic
field minimum. Further cooling stages use radio frequency radiation to evaporatively
cool the resulting cloud to a millionth of a degree above absolute zero temperature
(-273 C) where the ensemble undergoes a phase transition to a state of matter known
as a Bose-Einstein condensate (BEC). Our sample clouds have a cigar shape due to
the geometry of the trapping potential and contain from tens of thousands up to six
million atoms in the condensate state.
The isotope used here, 87Rb was the first to be cooled all the way to this conden-

sation. This achievement was rewarded with the Nobel prize for physics in 2001. The
magnetic trap used in that first experiment is known as the time-averaged orbiting
potential (TOP) trap and a variation of this type of trap will be the subject of this
thesis. The TOP trap takes a static confining potential with its own characteristic
trapping frequency and adds an oscillating bias field (TOP field) which circularly
translates the trapping potential at a radius known as the "radius of death". The
angular speed of this rotation is much faster than the oscillation frequency of the
atoms in the static trap and hence the atoms are unable to follow the movement
of the trap minimum. The atoms are trapped in an effective potential which is a
time-average over the period of rotation of the TOP field.
Chapter 1 provides a short history of the TOP trap and the evolution of the

time-averaged potential in experiments with Bose-Einstein condensates. It explains
that the motion in the TOP is more complicated than is implied by the effective
potential found by time-averaging. The atoms exhibit motion on both the static trap
oscillation time scale and the faster one of the TOP field and we will use this insight
to manipulate the motion of the cloud. It also introduces the concept of superfluidity,
a property associated with BECs as well as vortices, an interesting manifestation of
that property. A superfluid is a state of matter with zero viscosity, which means it
shows no resistance to flow (analogously to superconductivity) and except in special
conditions will not rotate when stirred. These special conditions include the presence
of vortices, holes in the superfluid about which the superfluid circulates.
Chapter 2 describes the apparatus used for the experiments — principally the vac-
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uum system, magnetic trap and laser light used to excite optical transitions. The
experiments create an incredibly cold atomic sample in a room temperature environ-
ment and so vacuum conditions are needed to minimize collisions with hot background
atoms. Laser light is used to cool the atoms, to pump them to the correct (trappable)
spin states and then also to image them onto a camera. Magnetic trapping is done
both with an interlinked set of about 20 coils with intricate switching circuitry and
with the relative simplicity of a set of permanent magnets.
Chapter 3 takes a deeper look at the changes in the optical system. An external

cavity diode laser and a distributed feedback diode laser were stabilized to atomic
transitions of a rubidium gas in a vapour cell. A laser amplifier system was developed
from a commercially available diode which allowed us to stably amplify the power
from our master lasers by up to 50 times. The imaging system was improved so that
imaging was possible along the both the long and short axes of the clouds. In the
process of this modification we also succeeded in measuring and improving both the
resolution and the signal-to-noise of our imaging system.
Chapter 4 describes the first set of new experiments on this apparatus. Previously

all experiments on this apparatus were performed with the F = 2,mF = 2 spin
substate of 87Rb. To investigate a BEC cloud on longer timescales, another trappable
state, the F = 1,mF = −1 state is used. We adapted the apparatus and sequence of
the experiments to work with this state and created a BEC in our conventional trap
as well as various TOP traps. We indeed found that atoms in this F = 1 state had
longer lifetimes and were able to characterize the main limiting factor of this lifetime:
collisions between three atoms at once. This chapter also discusses the generation
of vortices in BECs and by rotating ("spinning") an elliptical TOP trap, we try
to generate vortices in our clouds. These experiments yielded rather unsatisfactory
results, as although we found some indications of vorticity, we were unable to produce
clear images of vortex holes in our clouds. We suspect this was due to insufficient
homogeneity of the trapping potential.
Chapter 5 contains the main results of this thesis. We describe in detail the

subtleties of atomic motion in the TOP trap and in particular the role of the phase
of the oscillating TOP field. By numerical and analytical methods we show the
importance of the initial phase of this field at switch-on when we transfer the atoms
from a static trap to an oscillating trap such as a TOP trap. The resultant sloshing
motion of the center of the mass of the cloud from this switch-on can be substantial
compared to the micromotion due to the oscillating potential and this effect is found
to be dependent on the initial phase of the TOP field. We also show how this motion
can be quenched by a well-timed jump in the phase of the TOP field. We describe how
this phase jump can be optimally chosen and proceed to demonstrate experimentally
both the switch-on effect and successful motion quenching experiments.


