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1. Motivation

Many natural processes correspond to
focusing singularities in mathematical models
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Full focusing requires perfectly symmetric initial conditions
In reality imperfections are always present



2. A simple example:  bubble disconnection

Bubble grows slowly from nozzle and detaches
when buoyancy overcomes surface tension
Strong vertical jet of water forms
after disconnection
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Axisymmetric implosion
!  Neck collapses into a point 

Tilted nozzle:
two
side-by-side
satellite 
bubbles

Asymmetric
profile 
persists
through 
break-up
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4. Symmetric dynamics has 1 degree of freedom R(t)

kinetic
energy

potential
energy

surface
energy

! !
! (")

#0

!#=#"-#0
radial 

momentum

added mass
$%&'()*+,"-".-/.',"-0)11-',-23-/."+,"')*-4+**

Symmetric dynamics has 1 constant of motion:  
total energy E

Symmetric implosion dynamics is integrable
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11. Smooth contact evolves from persistent vibration

Speed at contact

varies

non-monotonically

with initial amplitude

Estimate with a single

vibration accounts for

orientation and size of

void at contact
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